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ABSTRACT 


This  document  contains  the  final  report  of  the  reliability  testing  of  military  and  commercial  analog  and 
digital  devices  for  evaluation  of  the  short  and  long  term  effects  of  electromagnetic  (EM)  field  exposure. 
The  report  is  required  by  the  Electromagnetic  Effects  on  Systems  Reliability  contract  F30602-94-R- 
0121.  The  contract  is  to  assist  the  U  S  Air  Force  Laboratory  in  determining  electromagnetic  effects  on 
electrical  device  and  systems  reliability  and  in  determining  evaluation  models  to  identify,  predict,  and 
minimize  EM  effects  on  the  reliability  of  devices  and  systems.  This  work  was  performed  at  the  Boeing 
Parts  Test  Facility  in  Renton,  Washington,  and  the  Boeing  Space  Center  in  Kent,  Washington. 
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1.0  INTRODUCTION 


The  Research  and  Development  Final  Report  is  submitted  to  the  Air  Force  Laboratory,  Rome 
New  York,  in  accordance  with  CLIN  0002,  CDRL  B0004,  of  contract  F30602-93-C-0121, 
“Electromagnetic  Effects  on  Systems  Reliability”  (EMESR).  The  purpose  of  this  report  is  to  describe 
the  activities  performed  under  this  contract.  These  activities  include  selection  and  procurement  of  test 
parts,  acceptance  testing,  baseline  testing  and  reliability  testing  in  a  radiated  electromagnetic  (EM) 
environment,  statistical  analysis  of  test  results,  analysis  of  failed  and  out-of-specification  test  parts, 
evaluation  of  test  results,  and  formulation  of  mathematical  models.  The  contract  activities  also  included 
design  and  fabrication  of  a  mode  stirred  reverberation  chamber,  analog  and  digital  test  fixtures,  and  a 
test  stimulus  and  data  monitoring  system. 

Through  the  testing  and  analysis  that  was  performed  under  this  contract  it  was  discovered  that 
the  test  devices  are  affected  by  electromagnetic  energy.  They  can  be  made  to  go  into  upset  at  fairly 
modest  levels  of  RF.  The  devices  also  recover  quickly  and  completely  from  the  immediate  effects  of  RF 
as  determined  by  the  measuring  tools  we  had  at  our  disposal.  The  long-term  effects  of  the  radiation  are 
not  so  easily  observed  or  measured.  While  we  did  observe  a  long  term  effect  on  the  test  devices  that 
were  in  an  EM  environment  as  determined  by  shifts  in  their  basic  device  parameters,  we  also  observed 
that  the  parameters  of  the  devices  that  were  in  a  low  (ambient)  EM  environment  also  shifted.  The  initial 
test  data  appeared  to  show  a  definite  trend  that  the  parameters  of  exposed  parts  shifted  more  than  the 
control  group,  but  the  results  of  the  analyses  indicated  that  the  data  shifts  were  somewhat  random  and 
showed  no  definite  trend  toward  exceeding  any  of  the  manufacturer's  specifications.  Two  of  the  test 
parts  failed  and  the  parameters  of  four  parts  exceeded  the  manufacturer’s  specification,  and  all  had  been 
exposed  to  an  EM  environment.  Because  of  these  failures  we  could  conclude  that  the  reliability  factor 
of  these  devices  decreased  by  2  to  3  orders  of  magnitude  because  of  exposure  to  electromagnetic 
energy.  But  because  the  number  of  test  hours  was  small  compared  to  the  intrinsic  reliability  of  the  test 
devices,  we  don't  feel  that  it  would  be  fair  or  accurate  to  quantify  the  effect  yet.  With  more  hours  of 
testing  the  failure  rate  might  decrease  to  a  rate  much  closer  to  that  of  the  devices  operated  under  normal 
conditions,  or  it  might  even  increase  as  more  test  hours  are  accumulated.  We  therefore  conclude  that 
the  effects  of  the  electromagnetic  energy  upon  these  test  devices  was  subtle,  and  although  there  appears 
to  be  a  relationship  between  the  EM  exposure  and  long  term  device  reliability,  we  feel  that  more  testing 
and  analysis  would  be  required  to  establish  this  relationship.  However,  we  do  feel  that  the  effect  of  EM 
radiation  on  the  reliability  of  electronic  devices  is  real  and  should  not  be  discounted. 

We  also  began  to  develop  a  mathematical  method  to  express  a  decrease  in  mean  time  between 
failure  (MTBF)  due  to  exposure  to  electromagnetic  radiation.  Because  the  effect  of  the  electromagnetic 
radiation  is  more  subtle  than  we  initially  thought,  we  were  not  able  to  assign  a  numerical  value  to  the 
effect  of  the  EM  exposure.  Nevertheless,  the  results  of  our  mathematical  development  are  included  in 
appendix  A  for  potential  future  use. 

We  feel  that  additional  testing  needs  to  be  done  in  this  area.  Test  devices  need  to  be  exposed  to 
electromagnetic  radiation  over  longer  periods  of  time  to  either  firmly  establish  or  totally  discount  the 
subtle  trends  we  noticed  in  this  study. 


1 


2.0  TEST  APPROACH 


The  study  of  the  effects  of  electromagnetic  radiation  on  the  reliability  of  electronic  devices 
involved  a  number  of  different  test  techniques.  Because  the  contract  deals  with  long-term  reliability 
concerns,  it  was  necessary  to  obtain  data  over  a  large  number  of  test  hours,  which  is  done  best  by 
concurrent  testing  of  a  large  number  of  test  devices.  It  was  determined  that  radiated  RF  testing  would 
accommodate  this  requirement  more  easily  than  conducted  RF  testing,  although  some  conducted  RF 
testing  was  performed  in  the  early  stages  of  testing  to  determine  the  effect  of  RF  energy  on  the  devices. 
To  test  a  large  number  of  devices  in  a  radiated  environment  where  each  device  experiences 
approximately  the  same  average  EM  environment,  it  was  necessary  to  use  mode  stirring,  which  is  best 
accomplished  in  an  RF  reverberation  chamber.  A  description  of  reverberation  chamber  operation  is 
given  in  appendix  B. 

The  study  employed  the  use  plastic  and  ceramic  integrated  circuits  currently  used  in  military 
and  commercial  service.  The  electronic  parts  chosen  for  the  test  program  were  54ACT74  (ceramic)  and 
54ACT74  (plastic)  digital  flip-flops  and  the  OP-27 1FZ  (ceramic)  and  OP-27  IGF  (plastic)  operational 
amplifiers.  See  section  4  for  a  description  of  how  the  part  selection  process. 

We  wanted  to  determine  the  extent  to  which  a  population  of  test  devices  was  being  affected  by 
the  test  conditions,  and  this  was  done  in  two  ways.  In  order  to  determine  if  exposure  to  electromagnetic 
energy  was  affecting  the  basic  device  parameters,  acceptance  testing  was  performed  on  each  test  device 
before  doing  any  EM  exposure  testing,  after  the  testing  was  complete,  and  at  monthly  intervals  between 
tests.  Acceptance  testing  is  discussed  in  section  5  and  the  results  of  the  acceptance  testing  are  discussed 
in  section  9.  Acceptance  testing  measures  28  analog  device  parameters,  and  they  are  listed  in  paragraph 
5.2.  Acceptance  testing  measures  127  digital  device  parameters,  and  they  are  shown  in  Figures  5.2-1 
and  5-2-2.  In  addition  to  the  long-term  effects,  we  felt  it  was  also  important  to  know  what  was 
happening  to  the  test  devices  on  a  moment  by  moment  basis.  Measuring  this  immediate  effect  of  the 
EM  radiation  was  accomplished  by  connecting  all  the  test  devices  in  the  chamber  to  a  simple  but 
effective  test  stimulus  and  data  acquisition  system  which  would  detect  short  term  device  operation  or  a 
fault  condition.  The  test  stimulus  and  data  acquisition  system  is  described  in  section  12  and  the  radiated 
testing  is  discussed  in  sections  7  and  8. 

Baseline  RF  exposure  testing  was  performed  to  determine  the  most  appropriate  frequencies  for 
the  long-term  radiated  testing,  and  to  determine  the  approximate  RF  power  level  for  the  test.  Test 
conditions  for  baseline  testing  were  approximately  the  same  as  for  formal  testing  so  the  baseline  test 
experience  could  be  directly  applied  to  formal  testing.  Baseline  testing  is  described  in  section  7. 

Reliability  testing  subjected  analog  and  digital  test  devices  to  test  conditions  of  fixed 
frequency,  pulsed,  continuous  wave  (CW)  radiation  at  room  temperature,  at  elevated  temperatures  with 
and  without  exposure  to  radiation,  and  at  room  temperature  with  exposure  to  pulsed  CW  radiation  over 
a  wide  range  of  frequencies.  Some  of  the  test  devices  would  be  under  test  for  only  a  month,  but  some 
would  be  tested  for  four  months.  Reliability  testing  is  described  in  section  8. 

A  control  group  of  100  parts  was  also  tested  for  30  days,  but  in  a  low  (ambient)  EM 
environment  with  test  signal  and  power  supply  voltages  similar  to  those  of  the  devices  in  the  chamber. 
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The  parameter  shifts  of  the  control  group  devices  would  be  considered  basic  to  all  the  devices  before 
the  effects  of  EM  energy  are  considered.  A  schedule  of  the  tests  performed  is  shown  in  Figure  2.0-1. 


3.0  ANALYSIS  OF  TEST  RESULTS 

Today's  electronic  parts  are  very  reliable  and  we  did  not  expect  to  have  many  outright  failures 
during  our  testing.  During  the  formal  test  period  we  did  experience  one  outright  failure  and  three  "out 
of  specification"  failures  in  our  2.2  million  hours  of  device  testing  which  utilized  2100  different  test 
devices.  Extended  reliability  testing  added  1 .6  million  device  test  hours  to  the  experience  database  and 
included  one  more  device  failure.  We  also  expected  that  device  parameters  would  change  slowly, 
except  in  the  beginning  and  end  regions  of  the  typical  reliability  curve.  Most  electronic  devices 
experience  an  increased  number  of  failures  during  bum-in  or  at  the  beginning  of  service,  which  is 
followed  by  a  period  of  very  few  failures,  then  the  failure  rate  increases  as  a  population  of  devices 
nears  the  end  of  useful  service.  Because  we  were  using  new  parts,  and  most  of  the  test  devices  were 
only  exposed  to  a  month  of  testing,  the  “beginning”  scenario  is  very  likely  for  at  least  some  of  the  parts. 
During  the  planning  stages  of  this  contract,  and  in  discussions  with  the  program  office,  everyone 
expressed  the  hope  that  there  would  be  enough  evidence  to  indicate  an  effect  of  the  EM  exposure.  It 
was  felt  that  device  parameters  of  the  exposed  parts  would  probably  not  change  very  much,  but  that 
there  might  be  a  few  devices  that  would  experience  parameter  shifts  indicative  of  the  EM  exposure. 

3.1  Quick  Analysis  of  Parameter  Shift  Data 

The  results  of  the  parameter  testing  have  been  analyzed,  and  the  following  observations  have 
been  made:  There  was  one  part  failure  in  digital  test  lot  3D:  the  output  of  a  74ACT74  digital  flip-flop 
failed  to  switch  between  high  and  low.  There  were  three  analog  test  devices  which  failed  the 
manufacturers  specification  during  the  analog  test:  OP-271  Operational  amplifier  part  number  3223 
(plastic)  failed  the  power  supply  rejection  ratio  test  at  -40°  C,  and  part  numbers  4217  and  4224 
(ceramic)  failed  the  input  offset  voltage  specification  at  room  temperature.  The  definitions  of  these 
parameter  tests  are  given  in  Figures  5.2-1  through  5.2-3.  There  were  no  outright  failures  or  specification 
failures  in  either  the  analog  or  the  digital  control  group  or  in  the  thermal,  life,  or  wideband  test  lots. 
One  ceramic  operational  amplifier  was  inadvertently  reversed  in  the  test  socket.  It  failed  (over¬ 
temperature)  due  to  a  large  current  draw,  but  this  will  not  be  counted  as  a  failure.  One  additional  digital 
part  failed  during  extended  testing  (see  section  8.8). 

The  differences  between  parametric  test  results  of  the  analog  control  group  and  the  analog  test 
lots  exposed  to  RF  are  not  substantial,  but  there  are  a  number  of  test  parameters  which  shifted  less  for 
several  lots  of  the  exposed  parts  than  for  the  control  group.  An  analysis  of  the  parametric  test  results 
shows  that  typically  the  test  devices  exposed  to  EM  radiation  had  higher  parameter  shifts  and  included 
a  higher  percentage  of  test  devices  whose  parameters  fell  outside  of  the  major  trend-lines  than  did  the 
control  group.  The  results  of  analog  test  lot  3A,  test  4  are  fairly  significant  because  these  devices  were 
in  test  for  4  months.  Most  of  the  parameter  changes  in  test  lot  3A  occurred  following  the  first  and 
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Notes:  1.  50  parts  each  (25  plastic,  25  ceramic)  from  test  lots  3A  and  6A. 
2.  50  parts  each  (25  plastic,  25  ceramic)  from  test  lots  3D  and  6D. 


Figure  2.0-1:  Test  Schedule 
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second  tests,  and  by  the  4th  test,  not  too  many  additional  changes  were  noticed.  In  the  analog  test  parts 
the  parameters  that  seemed  to  change  most  were  the  power  supply  current  and  the  parameters  such  as 
slew  rate  and  gain  -  bandwidth  productlhat  depend  on  the  current.  See  Figure  3.1-la  and  3.1-lb  for  the 
summary  of  the  analog  parametric  test  results. 

There  were  differences  between  parametric  test  results  of  the  digital  control  group  and  the 
digital  test  lots  exposed  to  EM  radiation.  In  most  cases  the  devices  exposed  to  EM  changed  more  than 
the  control  group,  but  in  several  instances  the  control  group  parameter  shifts  were  a  little  bit  larger  than 
those  of  the  EM  radiated  group.  In  the  timing  measurements  more  of  the  digital  devices  that  were 
exposed  to  EM  radiation  had  large  shifts  or  step  increases  in  timing  parameters  than  the  digital  control 
group,  and  more  in  the  control  group  had  small  timing  shifts  or  step  decreases  than  the  EM  radiated 
parts.  These  parameter  shifts  are  not  conclusive,  but  the  majority  of  the  evidence  shows  that  EM 
exposure  accelerates  reliability  mechanisms  beyond  that  of  simple  aging.  The  results  of  test  lot  3D  are 
important  because  these  devices  were  in  test  for  4  months.  Most  of  the  parameter  changes  to  test  lot  3D 
are  about  what  the  other  EM  exposed  groups  registered,  except  for  the  input  leakage  current  (with  the 
input  low)  on  the  digital  plastic  parts.  These  results  show  that,  in  the  majority  of  cases,  the  parameter 
shifts  occur  early  in  the  testing  then  stabilize.  The  results  of  the  device  upsets  measured  by  the  data 
acquisition  system  also  show  that  device  upsets  increase  over  time,  then  stabilize.  See  Figure  3.1 -2a  to 
3.1-2d  for  the  summary  of  the  digital  parametric  test  results. 

The  results  of  the  thermal  (#9)  and  life  (#10,  #11)  tests  indicate  that  output  voltage,  common 
mode  rejection  ratio  and  gain  changes  were  about  the  same  for  all  test  lots  without  regard  to  EM 
exposure  or  length  of  exposure  to  the  85  degree  C  temperature.  But  the  power  supply  rejection  ratio,  the 
plastic  device  room  temperature  input  bias  current  test,  and  the  slew  rate  and  power  supply  currents  for 
the  plastic  devices  all  changed  more  in  the  reference  test  lot  than  in  the  thermal  test  and  life  test  lots. 
This  is  opposite  of  what  we  would  have  expected,  but  the  parameter  shifts  remained  well  within 
specification,  and  are  all  fairly  small.  For  the  remainder  of  the  test  parameters  there  was  a  high  degree 
of  correlation  between  parameter  change  and  exposure  to  EM  radiation  and  temperature.  The  net  effect 
we  observed  was  that  the  test  parameters  of  the  thermal  and  life  test  devices,  lot  10A,  appeared  to 
change  more  than  the  thermal  test  devices,  lot  9A,  which  appeared  to  change  more  than  the  short-term 
EM  exposed  devices,  lots  1 1A  and  12A,  which  appeared  to  change  more  than  the  control  group  devices, 
lot  8A.  The  changes  in  these  parameters,  however,  were  small,  and  remained  within  the  manufacturer’s 
specifications.  Test  lot  9A,  which  was  subjected  to  an  85  degree  C  thermal  environment,  but  no  EM 
radiation,  appeared  to  change  more  than  lots  1 1 A  and  12A,  which  were  subjected  to  an  EM 
environment  at  85  degrees  Celsius.  The  parts  of  lot  9A  were  in  test  for  4  periods,  a  total  of  120  days 
while  test  lots  1 1 A  and  12A  were  only  in  test  for  30  days  each,  which  indicates  that  length  of  exposure 
is  also  a  factor.  It  also  indicates  that  the  thermal  and  EM  environments  may  have  the  same  long-term 
effect,  and  while  we  don’t  know  the  exact  influence  of  each,  it  appears  that  they  might  be  of 
approximately  the  same  order  of  magnitude.  See  Figure  3.1 -3a  and  3.1-3b  for  the  summary  of  the 
thermal  and  life  parametric  test  results. 

To  determine  if  temperature  might  be  a  major  consideration  we  compared  the  results  of  the 
analog  parametric  tests  with  those  of  the  thermal  and  life  parametric  tests.  A  comparison  between  the 
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Figure  3.1-1a:  Summary  of  Analog  Parametric  Test  Results 
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Figure  3.1 -3b:  Summary  of  Thermal  and  Life  Parametric  Test  Results 


13 


thermal  and  life  tests  and  of  the  analog  tests,  especially  between  lot  10A  in  Figure  3.1-1  with  lot  3A  in 
Figure  3.1-3,  shows  that  the  data  shifts  are  of  approximately  the  same  magnitude.  This  would  indicate 
that  the  effect  on  device  parameters  is  not  thermally  related,  but  related  more  to  the  time  and  intensity 
of  exposure  to  electromagnetic  energy. 

An  analysis  of  the  parameter  test  results  of  devices  involved  in  the  wideband  tests  shows  that 
typically  the  test  lots  exposed  to  EM  radiation  had  higher  parameter  shifts,  and  also  had  more  devices 
whose  parameters  were  outside  of  the  major  trend  lines,  than  did  the  control  group.  See  Figure  3.1-4  for 
the  summary  of  the  wideband  parametric  test  results. 

This  analysis  of  the  test  devices  indicates  that  the  failure  rate  of  devices  exposed  to 
electromagnetic  radiation  is  higher  than  those  operated  in  a  low  (ambient)  EM  environment.  We  also 
found  that  electromagnetic  exposure  does  cause  parameters  of  these  analog  devices  to  shift  beyond  that 
which  would  be  expected  for  normal  operation  in  a  low  (ambient)  EM  environment. 

3.2  Engineering  Statistical  Analysis 

The  study  of  the  effects  of  electromagnetic  radiation  on  the  reliability  of  electronic  devices 
employed  the  use  of  military  and  commercial  integrated  circuit  part  versions  for  both  analog  integrated 
circuit  parts  and  digital  integrated  circuit  parts  in  both  ceramic  and  plastic  packaging.  The  analog  test 
devices  were  operational  amplifiers,  Analog  Devices  part  number  OP-271,  configured  as  unity  gain 
buffer  amplifiers,  and  the  digital  test  devices  were  high  speed  digital  flip-flops,  Fairchild  part  number 
54/74ACT74.  Before  any  radiated  susceptibility  or  control  lot  testing  was  performed,  acceptance 
testing  was  performed  using  automated  test  equipment  to  establish  the  initial  parameter  values.  See 
Section  5.0  for  further  information  on  acceptance  testing.  Reference  lots  served  as  control  groups  and 
were  used  for  comparison  with  the  EM  irradiated  lots  in  order  to  allow  the  use  of  statistical  confidence 
interval  testing  in  order  to  assess  the  statistical  significance  of  the  results. 

The  effects  observed  during  testing  included  the  nominal  variation  of  the  integrated  circuit  test 
parameters  within  the  manufacturer  parameter  performance  specifications  and  superimposed  variations 
that  are  attributed  to  the  effects  of  EM  radiation  exposure.  The  observation  and  identification  of 
statistically  significant  effects  were  performed  by  employing  statistical  confidence  interval  hypothesis 
testing  and  techniques  that  are  described  and  developed  in  appendix  A.  In  summary,  the  test  parameters 
used  to  characterize  the  performance  of  the  integrated  circuits  included  input  and  output  voltages  and 
currents,  leakage  currents,  timing  tests,  and  operational  upset  performance  measurements. 

3.2.1  Engineering  Statistical  Analysis  Approach 

The  statistical  analysis  and  testing  for  the  parts  reliability  study  began  by  selecting  the  data  to 
be  studied  and  examined.  The  data  obtained  during  digital  component  testing  and  analog  component 
testing  were  investigated  separately,  although  identical  testing  methods  were  used  in  both  cases  and  the 
information  and  data  were  organized  by  using  the  same  data  base  structures  and  organizations.  The 
statistical  analysis  and  format  of  the  measured  statistical  data  sets  that  were  used  to  characterize  the 
tested  devices  were  similar  for  all  tests  that  were  analyzed. 

The  test  data  used  during  the  initial  test  assessments  consisted  of  analog  component  data  from 
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Figure  3.1-4:  Summary  of  Wideband  Parametric  Test  Results 
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test  lots  3A,  6A  and  8A.  These  test  lots  were  chosen  because,  before  they  were  exposed  to  any 
radiation  exposure,  their  device  parameters  were  centered  well  within  the  manufacturer’s  specifications. 
The  test  lots  for  the  digital  components  consisted  of  test  data  lots  3D,  6D,  and  2D  which  were  also 
chosen  because  the  device  parameter  values  were  also  near  the  center  of  the  manufacturer's  device 
specifications. 

3.2.2  Test  Conventions 

The  data  sets  analyzed  are  referred  to  as  3A,  3D,  6A,  6D,  8A,  and  2D.  3A  is  analog  test  lot 
number  3,  3D  is  digital  test  lot  number  3,  etc.  These  particular  lots  represent  the  testing  performance 
base  line  that  is  available  for  comparative  studies  and  statistical  analyses.  Within  these  lots  there  were 
no  parts  whose  parameters  were  out  of  the  manufacture  specification  ranges  after  testing  and  no  failures 
occurred.  Test  lots  8A  and  2D  are  the  reference  lots  that  were  not  exposed  to  radiation  and  these  lots 
are  the  radiation  lot  control  groups  for  the  studies  and  statistical  analyses. 

The  parameter  data  obtained  during  acceptance  testing  was  not  organized  such  that  it  could  be 
used  to  perform  comparative  studies  for  the  different  test  groups  and  test  conditions.  In  order  to 
organize  the  data  for  review  and  analysis  it  was  rearranged  using  a  spreadsheet  tabular  format,  such  that 
the  parameter  data  obtained  during  the  tests  are  each  uniquely  labeled  with  the  number  assigned  to  each 
of  the  respective  tests. 

There  were  28  separate  parameter  tests  performed  on  the  analog  parts  and  127  separate  tests  on 
the  digital  parts.  The  test  parameter  data  that  was  measured  and  placed  into  the  spread  sheet  data 
columns  includes  the  associated  environmental  test  conditions,  parameter  value  test  conditions,  and 
calculated  data  statistics  for  the  measured  test  parameter  data.  The  calculated  statistical  information 
include  maximum,  minimum,  standard  deviation,  and  deltas  between  successive  test  period  data.  Also, 
the  data  at  the  bottom  of  each  of  the  columns,  for  all  temperatures  and  test  periods,  is  compiled  into  test 
summary  data  files. 

For  each  test  period,  a  sampled  data  file  was  saved  for  each  test  temperature.  The  code  name 
used  for  each  of  the  tests  includes  the  following  encoded  information  about  the  tests:  Plastic  or  ceramic 
components  are  indicated  as  ‘P’  or  ‘C’;  the  lot  number  of  the  component  part  being  tested;  analog  or 
digital  components  as  ‘A’  or  ‘D’;  and  the  temperature  description  of  'cool',  'room',  or  'warm',  -40°  C, 
+25°  C,  and  +85°  C  respectively.  All  of  the  data  files  along  with  the  summary  information  and  the 
graphical  data  are  included  on  a  computer  data  disk,  or  disks,  that  are  supporting  information  for  this 
report. 

3.2.3  Engineering  Statistical  Analysis  Method 

Quick  look  maximum  and  minimum  values  were  measured  for  the  various  test  parameters 
during  the  test  operations  in  order  to  confirm  that  the  various  part  parameters  were  within  the 
manufacturer  provided  device  parameter  specification  ranges. 

The  computed  parameter  average  values  and  standard  deviations  that  were  obtained  from  the 
data  taken  at  the  outset  of  testing  and  prior  to  the  parts  EM  effects  irradiation  were  used  in  order  to 
observe  how  centered  the  measured  parameter  values  were  within  the  manufacturer  specifications  for 
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the  different  part  lots.  This  activity  was  used  in  order  to  select  and  provide  parts  for  testing  by 
screening  out  those  parts  that  were  initially  out-of-specification.  The  result  is  that  parts  were  thereby 
excluded  from  the  testing  process  that  were  "outlyers",  i.  e.  initially  had  parameter  performance  values 
that  were  outside  of  the  manufacturer  provided  parameter  specification  ranges. 

After  each  of  the  test  periods,  statistical  analysis  was  performed  in  order  to  monitor  the  device 
parameter  values,  compare  them  to  the  average  parameter  performance  observed  for  the  control  group 
lots,  and  check  to  see  if  any  observed  shifts  in  the  nominal  parameter  values  could  be  attributed  to 
device  radiation  exposure.  Also,  the  parameter  average  values  obtained  at  the  different  device 
temperatures  were  computed  and  tabulated  and  are  displayed  in  sequence  as  bar  graphs  on  the 
horizontal  axes  of  the  figures  for  the  various  test  periods  and  for  the  different  test  part  lots. 

3.2,4  Statistical  Analysis  -  Analog  Devices 

The  purpose  of  acceptance  testing  was  to  identify  shifts  in  the  average  parameter  values  for  the 
devices.  Secondary  goals  included  determining  whether  observed  shifts  in  the  device  average  parameter 
values  appear  to  be  converging  to  stable  values  or  whether  the  shifts  indicated  that  the  parameter  values 
were  diverging  and  might  eventually  exceed  the  manufacturer's  parameter  specification  ranges. 

The  first  device  parameter  that  was  analyzed  during  the  testing  and  subsequent  data  reduction 
was  the  device  power  supply  input  current,  Ice-  Icc  was  chosen  as  the  first  parameter  to  study  because 
of  its  sensitivity  to  other  device  parameter  anomalies,  degradations,  and  failed  conditions. 

The  graphs  in  this  analysis  plot  the  averages  of  the  data  measurements  that  were  obtained  for 
25  different  parts.  The  lot  numbers  for  the  associated  devices,  i.  e.  the  component  parts,  are  plotted  on 
the  horizontal  axes  of  the  graphs.  Also,  the  graphs  are  arranged  such  that  the  abscissa  axes,  i.  e.  the 
horizontal  x  axes,  have  the  same  x  axis  scales  and  as  a  result  the  same  parts  are  always  shown  such  that 
the  parts  have  the  same  x  axis  locations,  i.  e.  the  same  x  axis  values.  Therefore,  it  is  possible  to  compare 
the  performance  durability  of  the  devices,  as  represented  by  the  part  parameter  value  variations,  for  the 
individual  parts  as  a  function  of  the  part  exposure  times  to  radiation  and  temperature  effects.  To 
observe  these  parameter  value  variations,  notice  the  change  in  the  parameter  values  of  the  individual 
parts  by  comparing  the  ordinate  value  variations  observed  between  the  different  charts  at  specific  x  axis 
values,  i.  e.  parameter  value  variations  observed  between  the  different  charts  for  particular  x  axis 
coordinate  locations. 

Figure  3.2.4-1  presents  the  control  group  bar  graph  average  data  for  Icc,  which  is  the  power 
supply  current  in  units  of  amperes.  This  data  was  measured  for  parts  that  were  not  exposed  to  EM 
effects  radiation,  but  were  operated  during  each  of  the  test  periods.  The  legend  1  indicator  identifies 
the  measured  Icc  performance  at  the  start  of  the  tests,  test  period  number  1,  and  legend  2  identifies  the 
performance  at  the  end  of  the  test  period,  which  was  approximately  one  month  long.  There  was  one  set 
of  ceramic  parts  and  one  set  of  plastic  parts  in  the  control  group  parts  set  which  corresponds  to  parts  lot 
8. 

Figure  3.2.4-2  presents  the  bar  graph  average  data  for  Icc,  the  power  supply  current  in  units  of 
amperes,  before  the  parts  were  exposed  to  EM  effects  radiation  and  after  the  parts  were  exposed  to 
between  1  and  4  periods  of  EM  effects  radiation.  The  legend  numbers  1  to  5  in  Figure  3.2.4-2  indicate 
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the  lengths  of  the  EM  effects  radiation  periods  that  the  parts  were  exposed  to  while  the  parts  were  being 
operated  and  during  which  the  respective  Ice  current  measurements  were  made.  Legend  1  indicates  the 
current  measurements  that  were  made  prior  to  the  first  radiated  test  period  and  legends  2  through  4 
indicate  the  current  measurements  that  were  made  during  each  of  the  four  following  and  successive 
irradiation  periods,  i.  e.  four  total  and  numbered  from  2  to  5  respectively.  The  spaces  between  the  bars 
in  the  bar  graphs  for  a  particular  parts  lot  and  temperature  set  indicate  that  no  measurement  were  made 
at  the  indicated  temperature  at  the  end  of  the  specified  test  period.  There  were  two  sets  of  ceramic  parts 
and  two  sets  of  plastic  parts  in  the  EM  effects  radiation  exposed  parts  set  which  corresponds  to  parts 
lots  3A  and  6A. 

It  is  apparent  from  Figures  3.2.4-1  and  3.2.4-2  that  the  current  averages  in  the  control  group,  lot 
8A,  and  in  the  EM  effects  radiation  exposed  parts  set,  lots  3A  and  6A,  that  the  parts  lots  track  each 
other  very  closely,  especially  at  room  temperature  (+25°  C).  Also,  the  current  data  averages  that  are 
presented  in  Figures  3.2.4- 1  and  3.2.4-2  both  consist  of  data  that  was  measured  for  25  device  parts.  A 
more  detailed  look  at  each  of  the  25  device  parts  is  shown  in  Figure  3.2.4-3  where  the  distribution  of 
the  supply  current  Ice  values  is  plotted.  Each  of  the  line  curves  represents  the  Ice  values  of  a  different 
test  period.  The  curve  for  legend  1  identifies  and  corresponds  to  device  parts  prior  to  their  exposure  to 
any  radiation  exposure.  Figure  3. 2.4-4  presents  the  changes  that  were  measured  for  each  of  the 
individual  25  parts  as  a  function  of  the  test  period  times  that  are  illustrated  on  the  graphs  by  using  the 
independent  test  period  variable  that  is  plotted  on  the  horizontal  axis.  Additional  test  results  for  other 
device  part  lots  and  temperatures  ranges  are  included  in  appendix  C. 

By  assessing  the  results  obtained  from  the  tests,  observe  that  it  is  apparent  that  the  ceramic 
components  in  Lot  3A  did  not  shift  very  much  except  for  the  eight  parts  with  the  highest  original  Ice 
supply  current  values.  None  of  the  observed  variations  which  are  a  function  of  time  yielded  a  change 
that  is  interpreted  as  being  unusual  or  yielded  current  values  that  are  out  of  the  manufacturer  parameter 
specification  ranges  for  any  of  the  results  that  are  presented  in  Figure  3.2.4-4. 

The  individual  parts  for  the  25°  C  temperature  testing  did  not  appear  to  experience  effects  that 
are  interpreted,  in  terms  of  the  supply  current  parameter  Ice.  to  be  adverse.  However,  although  ceramic 
Lot  6A  did  have  a  much  wider  distribution  for  the  initial  values  for  the  supply  current  Ice.  after  testing 
the  observed  changes  and  variations  in  the  supply  current  for  the  ceramic  parts  for  Lot  6A  appeared  to 
be  small.  Even  though  the  distribution  for  the  supply  current  for  ceramic  Lot  6A  is  wider  than  for  lot 
3 A  none  of  the  parts  have  supply  currents  that  are  out  of  manufacturer  parameter  specification  ranges. 

In  summary,  it  appears  from  Figures  3.2.4-3  and  3.2.4-4  that  the  effect  of  exposing  the  device 
parts  to  radiation  was  to  stabilize  the  supply  current  Ice  and  shift  it  to  a  new  set  of  mean  value  ranges. 
It  also  reduced  the  associated  standard  deviations  of  Ice  in  comparison  to  the  initial  supply  current 
values  that  were  measured  prior  to  exposing  the  parts  to  radiation  as  identified  by  legend  1  in  Figures 
3. 2.4-3  and  3.2.4-4. 

Following  electromagnetic  exposure  testing,  the  parameters  of  the  plastic  components  in  lots 
3A  and  6A  were  very  similar  to  those  in  the  control  lot.  The  initial  distributions  for  the  supply  currents 
of  the  different  parts  in  lots  3A  and  6A  are  nearly  identical  and  the  differences  in  their  values  after 
testing  appear  to  be  insignificant. 


19 


sduiv  ‘oo| 


21 


The  following  observations  made  for  the  device  supply  current  parameter  testing  and  analysis 
are  representative  of  those  that  were  made  during  subsequent  testing  and  analysis  for  the  other  device 
parameters.  The  main  conclusion  concerning  the  effects  of  the  exposure  of  the  analog  device  parts  in 
lots  3A  and  6A  to  radiation  is  that  there  appears  to  be  a  minimal  shift  in  the  average  values  of  the 
supply  currents  with  respect  to  the  parts  in  control  lot  8A.  Notice  that  the  supply  currents  for  all  of 
these  parts  remained  within  the  specification  range  provided  by  the  manufacturer. 

For  the  other  parameters,  however,  it  can  be  said  that  the  data  testing  and  analyses  revealed  as 
many  questions  as  they  provided  answers.  For  example,  there  were  many  shifts  in  the  data  parameter 
averages  that  are  presented  in  appendix  C.  Many  of  these  changes  appear  to  be  random  in  nature  for 
the  exposed  parts  lots  and  do  not  appear  to  be  correlated  with  the  pattern  of  shifts  in  the  control  lots. 
Generally  it  is  difficult  to  draw  inferences  from  this  data  about  the  effects  of  radiation  exposure  on  the 
analog  parts.  However,  for  example,  the  input  bias  current  went  up  in  Lot  3A  and  6A  for  the  plastic 
components,  while  for  the  ceramic  parts  it  did  not  seem  to  change.  This  response  of  the  analog  parts  to 
radiation  exposure  could  be  related  to  the  observation  that  the  plastic  components  do  not  dissipate  heat 
as  efficiently  as  do  the  ceramic  components. 

Many  of  the  other  device  parameters  tested  exhibited  significant  changes  during  one  or  more  of 
the  test  periods;  and  then,  during  a  subsequent  test  period,  the  observed  deviations  from  the  control  lot 
device  parameter  values  disappeared.  As  a  result,  the  values  of  the  device  parameters  were  observed  to 
shift  or  drift  back  into  alignment  with  the  values  of  the  control  lot  part  parameter  values.  The 
conclusion  drawn  is  that  the  parameters  of  the  analog  test  devices  do  not  appear  to  be  sensitive  to  the 
levels  of  radiation  exposure  and  duration  in  our  tests;  and  it  is,  therefore,  difficult  to  make  statistical 
predictions  about  the  adverse  effects  that  radiation  exposure  has  on  analog  device  parts  based  on  the 
amount  of  testing  that  was  performed. 

Another  occurrence  observed  for  a  large  majority  of  the  devices  tested  was  that  following 
exposure  to  radiation  their  parameters  values  had  drifted  with  respect  to  the  parameter  values  of  the 
control  lot  devices  that  were  not  exposed  to  radiation.  Although  the  parameter  value  drifted,  the 
devices  analyzed  were  still  within  the  manufacturer  specification  ranges,  but  the  drift  in  the  device 
parameter  values  did  not  converge  to  stabilized  values.  Therefore,  it  is  possible  that  these  device 
parameter  values  could  continue  to  drift  during  periods  of  additional  radiation  exposure  or  even  after 
the  exposure  to  radiation  ceased,  until  eventually  the  device  parameter  values  would  move  outside  of 
the  manufacturer  specification  parameter  value  ranges.  But  many  of  the  exposed  parts  continued  to  drift 
even  when  the  control  lot  parameter  values  appeared  to  level  off  and  stabilize. 

In  summary,  what  appears  to  be  certain  as  a  result  of  analog  testing  is  that  device  parameter 
value  drift  occurs  in  response  to  RF  radiation  exposure.  A  potential  also  exists  for  violating  the  device 
manufacture  parameter  specifications,  and  the  likelihood  of  violating  the  device  manufacture  parameter 
specifications  appears  to  increase  with  continuing  electromagnetic  field  radiation  exposure. 

3.2.5  Statistical  Analysis  -  Digital  Devices 

Using  the  same  approach  as  for  the  analog  components,  we  carried  out  the  testing  and  statistical 
analysis  for  the  digital  components.  The  device  supply  currents  and  parameter  value  shifts  were 
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measured  and  the  current  maximums,  minimums,  and  standard  deviations  were  computed  for  each  of 
the  test  periods.  Neither  the  digital  device  part  lots  exposed  to  radiation,  3D  and  6D,  nor  the  digital 
device  control  part  lot  not  exposed  to  radiation,  2D,  had  any  parts  with  parameter  values  that  were  out 
of  the  manufacturer  parameter  value  specification  ranges. 

The  changes  observed  in  parameter  values  for  the  digital  devices  are  similar  to  those  observed 
for  the  analog  devices.  The  measured  data  and  summary  graphical  results  for  this  work  are  presented  in 
appendix  C. 

During  testing  it  was  observed  that  generally  the  performances  of  the  various  device  parameters 
were  dependent  on  and  sensitive  to  the  performance  of  the  device  supply  current  parameter  value.  In 
order  to  better  describe  and  understand  the  performance  of  the  various  device  parameters  and  avoid 
masking  their  behavior  with  the  behavior  of  the  device  supply  current,  the  device  supply  current 
parameters  were  thoroughly  tested,  analyzed,  and  characterized. 

The  initial  supply  current  parameter  data  for  control  lot  2  for  the  plastic  components  at  room 
temperature  is  in  error  due  to  a  fault  in  the  automated  test  system.  As  a  result,  the  supply  current  for 
these  first  sets  of  test  data  is  too  low  in  every  instance.  This  test  system  problem  was  corrected  for  the 
subsequent  test  periods  and  it  did  not  affect  the  other  test  results  or  the  overall  test  results. 

The  text  in  this  section  was  copied  almost  intact  from  the  test  log  and,  as  a  result,  it  is 
somewhat  rough,  but  it  still  highlights  and  summarizes  the  main  observations  that  were  made  during 
testing  for  the  digital  devices. 

As  the  data  in  appendix  C  illustrates,  the  device  input  currents  varied  significantly  between  the 
beginning  and  the  ends  of  the  different  test  periods.  The  input  current  for  the  exposed  lots  increased  in 
many  cases  as  well  as  decreased.  Some  of  the  lots  that  were  measured  between  several  test  periods 
showed  up  and  down  variations  with  no  continuing  trend,  which  was  unexpected.  The  cause  of  the 
difference  in  the  behavior  of  the  exposed  lots  and  the  control  lots  is  most  likely  due  to  the  radiation 
exposure  the  devices  received  during  the  test  periods.  The  rate  of  change  as  well  as  the  direction  of  the 
change  is  interpreted  to  be  unpredictable  and  therefore  trends  cannot  be  predicted  with  any  degree  of 
certainty.  The  result  of  varying  the  input  current  has  effects  on  many  of  the  other  parameters  that  could 
be  a  reason  for  their  apparently  dependent  changes.  The  results  can  still  be  compared  to  the  control  lot 
for  use  as  a  reference. 

The  most  significant  changes  that  the  digital  components  experienced  were  the  changes  in  the 
pulse  widths.  The  Preset  (PR)  pulse  width  decreased  much  more  for  the  RF  exposed  parts  than  for 
those  in  the  control  lot.  Figures  3. 2. 5-1  and  3. 2. 5-2  show  the  decrease  in  PR1  pulse  width  for  the 
control  and  the  exposed  lots  respectively.  PR2  pulse  width  averages  are  shown  in  Figures  3.2.5-3  and 
3.2.5-4,  but  the  results  were  not  clear  until  further  investigation.  The  individual  component  values 
were  tracked  for  the  exposed  lots  in  a  two  graph  per  page  format.  The  first  represents  the  distribution 
of  the  values  for  each  component.  The  blue  lines  and  diamonds  labeled  ‘1’  are  the  values  measured 
before  exposure.  Each  of  the  other  lines  shows  the  values  after  testing.  They  are  arranged  in  ascending 
order  to  see  the  extremes  easily.  The  second  graph  on  each  of  the  pages  has  individual  lines  for  each  of 
the  parts  showing  the  change  with  time  at  discrete  measuring  points.  Many  of  the  parts  had  the  same 
original  value  and  changed  by  the  same  amount,  which  means  that  the  lines  are  overlaid.  This  indicates 
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Figure  3.2.5- 1:  Average  PR1  Pulse  Width  with  VCc=5.5V,  Lot  2D  (Control) 
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Figure  3.2.5-2:  Average  PR1  Pulse  Width  with  VCc=5.5V,  Lots  3D  and  6D  (Exposed) 
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Figure  3.2.5-3:  Average  PR2  Pulse  Width  with  VCc=5.5V,  Lot  2D  (Control) 


Figure  3. 2.5-4:  Average  PR2  Pulse  Width  with  VCc=5.5V,  Lots  3D  and  6D  (Exposed) 
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the  parts  are  behaving  in  a  somewhat  similar  fashion,  which  is  positive  when  it  comes  to  making 
predictions. 

The  CLR  pulse  widths  seem  to  increase  in  many  cases,  opposite  of  the  PR  pulse  width.  The 
control  lot  however,  is  not  as  stable  and  the  baseline  provided  is  not  as  good  for  reference  (see  Figures 
3.2.5-5  and  3.2.5-6  for  CLR1  and  Figures  3.2.5-7  and  3.2.5-8  for  CLR2  averages).  The  graphs  for 
individual  components  in  the  exposed  lots  show  clear  evidence  of  an  increasing  pulse  width  trend  for 
the  CLR  pulses.  The  similarities  in  the  original  part  values  and  the  changed  values  can  again  be  seen. 
It  also  seems  as  if  there  are  several  discrete  value  changes,  but  that  has  not  been  verified.  The 
individual  part  changes  for  CLR1  and  CLR2  can  be  seen  in  appendix  C. 

Clear  and  preset  removal  times  were  also  investigated  and  the  variation  seen  was  similar  in 
direction  to  the  control  lots,  but  the  change  itself  was  more  extreme  in  most  cases.  This  again  has 
exceptions,  but  Figures  3. 2.5-9  and  3.2.5-10  show  the  average  CLR2  removal  times  for  the  control  and 
exposed  lots.  Additional  parameters  were  analyzed,  but  the  results  of  those  investigations  were 
inconclusive.  Many  of  the  parameters  were  extremely  consistent  and  comparable  to  the  control  lots, 
but  others  were  somewhat  erratic  and  unpredictable.  One  interesting  note  is  the  leakage  current  tests. 
The  leakage  current  in  nearly  all  the  devices  in  the  control  lots  and  the  test  lots  decreased  greatly  from 
the  levels  at  the  start  of  testing  to  the  levels  observed  at  the  end  of  testing,  i.  e.  after  operating  the  parts 
during  the  test  periods.  No  attempts  were  made  to  interpret  the  leakage  current  observations. 

3.3  Statistical  Analysis  II 

A  statistical  analysis  was  performed  on  the  data  collected  during  the  test  phase  of  this  contract. 
The  analysis  presented  in  this  section  was  performed  by  statistics  professionals  on  a  larger  set  of  data 
than  the  analysis  in  section  3.2.  This  analysis  is  performed  on  test  devices  that  were  subjected  to  a 
variety  of  environmental  conditions. 

The  devices  under  test  were  subjected  to  varying  environmental  conditions  and  then  specific 
parameter  values  were  measured  at  distinct  time  intervals  and  at  three  measurement  temperatures.  The 
environmental  conditions  were  thermal  exposure,  radiated  exposure,  and  combinations  of  thermal  and 
radiated  exposure.  The  statistical  analysis  was  performed  to  determine  any  trends  in  the  parameter 
values  that  could  be  attributed  to  the  environmental  conditions,  length  of  exposure,  or  measurement 
temperature. 

The  approach  taken  in  the  statistical  analysis  was  to  first  determine  if  the  parameter  values 
were  within  manufacturer's  specification  limits.  Also,  the  margin  between  the  specification  limit  and 
the  actual  value  was  calculated  where  applicable.  Then  the  change  in  the  mean  values  of  the 
parameters  between  the  first  and  the  last  test  period  for  a  particular  environmental  setup  were  compared 
with  other  environmental  setups.  The  rationale  for  this  comparison  was  to  show  any  correlation 
between  mean  value  changes  that  could  be  attributed  to  the  varying  environmental  conditions.  A 
comparison  was  not  made  with  the  control  since  data  only  existed  for  one  time  period  for  the  control. 
Such  a  comparison  between  the  control  and  the  various  environmental  conditions  would  not  yield 
useful  data.  Percentage  change  calculations  were  also  performed.  The  first  calculation  was  the 
percentage  change  between  test  periods  for  a  unique  environmental  condition  to  show  any  parameter 


25 


Pulse  Width,  Seconds 


CLR2  Pulse  width,  Seconds  f  CLR2  Pulse  Width,  Seconds 


2.50E-09 


2.00E-09 


1.50EO9 


1.00E-09 


5.00E-10 


O.OOE+OO 


C2Dcool  C2Droom  CSDwarm  P2Dcool  P2Droom  P2Dwarm 

Test  Period 


01 

■  5 


Figure  3.2.5-7:  Average  CLR2  Pulse  Width  with  VCC=5.5V,  Lot  2D  (Control) 
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Figure  3.2.S-8:  Average  CLR2  Pulse  Width  with  Vcc=5.5,  Lots  3D  and  6D  (Exposed) 
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Figure  3.2.5-9:  Average  CLR2  Removal  Time  with  VCc=5.5V,  Lot  2D  (Control) 


Figure  3.2.5-10:  Average  CLR2  Removal  Time  with  VCc=5.5,  Lots  3D  and  6D  (Exposed) 
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value  changes  due  to  extended  exposure  to  environmental  conditions.  The  second  calculation  was  for 
one  time  period  between  the  different  measurement  temperatures.  This  was  to  show  how  the 
measurement  temperatures  affected  the  parameter  values.  The  data  and  calculations  for  the  gain 
bandwidth,  large  signal  voltage  gain,  and  positive  supply  current  for  ceramic  and  plastic  components 
will  be  listed  and  discussed  below. 

The  devices  under  test  were  exposed  to  four  varying  environmental  conditions.  The  first 
condition  was  a  control  scenario  where  the  operational  amplifiers  tested  were  not  exposed  to  either 
thermal  or  irradiated  conditions.  Their  parameters  were  initially  measured  and  then  measured  again 
after  one  test  period.  The  next  condition  considered  was  a  thermal  scenario  where  the  devices  under 
test  were  exposed  to  85°  C  for  four  test  periods.  The  next  test  lot  of  operational  amplifiers  was  exposed 
to  two  test  periods  of  thermal  exposure  followed  by  two  test  periods  of  thermal  and  irradiated  exposure. 
The  final  scenario  considered  was  exposure  to  four  test  periods  of  radiation  and  no  thermal  exposure. 

Based  upon  the  data  and  analysis  below  it  can  be  seen  that  the  parameter  values  tended  to 
increase  when  the  measurement  temperature  was  increased  from  cool  to  room  temperatures.  The  Ice 
values  showed  the  largest  increases  (approximately  18-20%)  and  the  gain-bandwidth  showed  the 
smallest  increases  (approximately  0.5- 1.5%).  Also,  it  could  be  observed  that  the  parameter  values 
either  decreased  or  showed  significantly  lower  increases  when  transitioned  from  room  to  warm 
conditions. 

All  parameter  values  easily  passed  the  minimum  specification  limits.  Most  were  fifty  percent 
or  more  above  the  passing  values.  For  Ice.  the  specification  sheet  listed  that  the  passing  value  should 
not  exceed  15  nA  and  most  values  were  around  4-5  nA. 

Other  conclusions  could  not  be  determined  based  upon  the  analysis  performed.  Some  slight 
trends  were  observed,  but  the  changes  seen  were  only  a  few  percent.  These  slight  changes  should  not 
be  used  to  extrapolate  any  expected  values  due  to  the  limited  number  of  data  points  and  bum-in  effects. 
Data  was  collected  before  any  of  the  devices  were  exposed  to  environmental  conditions  and  after  each 
month  of  exposure  for  four  months.  This  gave  a  total  of  five  data  points  for  each  device's  parameter 
values.  Included  in  these  data  values  are  the  effects  of  bum  in  of  the  operational  amplifier.  These 
effects  should  not  be  used  to  determine  a  model  of  system  reliability.  Therefore,  it  would  be 
worthwhile  to  determine  the  length  of  time  for  bum  in,  and  then  conduct  similar  tests  again  excluding 
the  bum  in  period.  The  test  should  either  be  performed  for  a  longer  period  or  data  should  be  recorded 
more  frequently  so  any  trends  in  system  performance  due  to  the  varying  environments  could  be 
observed.  The  basis  for  this  argument  is  that  it  can  be  difficult  to  observe  trends  when  only  five  data 
points  are  plotted. 

3.3.1  Analysis  of  Gain-Bandwidth  Parametric  Data 

Gain-bandwidth  is  the  product  of  the  frequency  and  the  maximum  gain  of  the  operational 
amplifier  at  that  frequency,  and  for  voltage-feedback  op-amps  it  remains  relatively  constant  over  the 
useable  frequency  range  of  the  op-amp.  The  minimum  passing  value  for  the  OP-271  operational 
amplifier  is  4  MHz  while  the  typical  value  is  5  MHz.  All  devices  exceeded  the  minimum  gain- 
bandwidth  value  and  most  were  significantly  higher.  It  can  be  seen  in  Figure  3.3. 1-1  that  gain- 
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Figure  3.3. 1-1:  Gain-Bandwidth  Data  Relative  to  the  4  MHz  Pass  Value  for  Plastic  Op-amps 
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bandwidth  for  plastic  components  increased  with  extended  exposure  for  every  environmental  condition. 
This  increase  was  only  a  few  percent  in  most  cases,  and  was  also  observed  in  the  control  lot  so  it  can 
not  be  directly  linked  to  a  particular  environment.  This  may  be  a  bum-in  characteristic  of  the  amplifier. 
In  ceramic  operational  amplifiers,  the  gain-bandwidth  increased  in  small  amounts  for  all  cases,  except 
one,  with  extended  exposure  to  environmental  conditions,  as  shown  in  Figure  3.3. 1-2. 

It  is  also  of  interest  to  see  how  the  data  varied  according  to  measurement  temperature.  After 
the  components  were  exposed  to  the  different  conditions  their  parameter  values  were  measured  at  three 
different  temperatures.  As  you  can  see  in  Figure  3.3. 1-3,  the  gain-bandwidth  value  increased  slightly 
when  the  measurement  temperature  was  changed  from  cool  to  room.  However,  when  the  temperature 
was  changed  from  room  to  warm,  the  gain-bandwidth  decreased  by  approximately  5%.  For  ceramic  op- 
amps  the  gain-bandwidth  increased  by  a  percent  or  two  when  transitioned  from  cool  to  room  but 
decreased  by  approximately  5%  when  transitioned  from  room  to  warm  as  shown  in  Figure  3.3. 1-4.  The 
overall  change  in  mean  value  for  the  environmental  conditions  showed  a  slight  increase  as  seen  in 
Figure  3. 3. 1-5.  A  t-Test  is  a  statistical  comparison  between  the  means  of  two  groups  of  data  to 
determine  if  the  variances  and  the  distributions  of  the  two  groups  are  similar.  This  test  informs  the  user 
of  how  the  mean  and  the  distribution  of  the  data  changed  when  different  environmental  conditions  are 
applied.  A  t-Test  can  be  for  two  unknown  variances  that  are  considered  equal  or  for  two  unknown 
variances  that  are  considered  unequal  with  appropriate  equations  employed  for  the  two  different  cases. 
The  data  above  displays  the  means  of  the  difference  between  the  parameter  values  before  and  after 
exposure.  The  means  of  the  distributions  are  expected  to  change  and  the  shape  of  the  distribution  does 
not  necessarily  remain  constant  when  exposed  to  the  environmental  conditions.  Based  upon  a  statistical 
t-Test  of  two  means,  the  4  times  thermal  and  2  times  radiated  plus  4  times  thermal  had  similar 
distributions.  So  based  upon  the  above  description  of  the  t-Test,  the  two  sets  of  data  had  similar 
changes  in  value  as  can  be  seen  in  the  chart  above  and  similar  distributions  with  respect  to  each  other. 
However,  their  means  and  distributions  differ  from  that  of  the  control.  So  it  can  be  concluded  that  the 
two  environmental  conditions  had  similar  effects  on  the  gain-bandwidth  values. 

It  should  be  noted  that  the  4  month  radiated  data  did  not  consider  the  warm  measurement  data 
because  it  was  very  erratic.  None  of  the  distributions  for  the  ceramic  data  were  similar  as  shown  in 
Figure  3.3. 1-6.  This  was  again  based  upon  the  statistical  t-Test  of  two  means  for  the  different  possible 
groups.  So  every  environmental  condition  affected  the  parameter  values  differently  and  their 
distributions'  shapes  were  all  different  as  well.  The  data  did  show  a  slight  trend  towards  decreasing 
gain  bandwidth  with  increasing  exposure  to  radiation. 

3.3.2  Analysis  of  Large  Signal  Voltage  Gain  Parametric  Data  (RL=2k) 

The  next  parameter  considered  was  large  signal  voltage  gain  with  a  load  resistance  of  2k£2. 
These  parameter  values  were  measured  only  at  room  temperature  so  no  comparison  can  be  made  for 
varying  measurement  temperatures. 

All  plastic  components  easily  passed  the  minimum  large  signal  voltage  gain  of  90  V/mV,  and 
the  summary  of  this  analysis  is  shown  in  Figure  3.3.2- 1.  The  data  did  show  a  slight  decreasing  trend  in 
gain  value  for  extended  exposure.  All  ceramic  components  easily  passed  the  minimum  large  signal 
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Figure  3.3. 1-2:  Gain-Bandwidth  Data  Relative  to  the  4  MHz  Pass  Value  for  Ceramic  Op-amps 
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Figure  3.3. 1-5:  t-Test  Results  and  Change  in  Mean  Value  for  Environmental  Conditions  for 

Plastic  Operational  Amplifiers 
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Figure  3.3. 1-6:  t-Test  Results  and  Change  in  Mean  Value  for  Environmental  Conditions  for 

Ceramic  Operational  Amplifiers 
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The  minimum  passing  value  for  the  larg 

e  signal  voltage  gain  is  90  V/mV 
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Figure  3.3.2- 1:  Large  Signal  Voltage  Gain  Change  and  Margin  of  Pass  Summary  for  Plastic  Op-Amps 
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voltage  gain  of  100  V/mV  as  shown  in  Figure  3.3.2-2.  This  Figure  also  shows  that  there  was  a  slight 
decreasing  trend  in  gain  value  with  extended  exposure.  However,  this  trend  shows  a  change  of  only  a 
few  percent  between  conditions,  which  does  not  provide  tangible  evidence  that  the  change  can  be 
attributed  to  the  radiation  exposure. 

The  t-Test  data  for  plastic  and  ceramic  op-amps  is  shown  in  Figures  3.3.2-3  and  3.3.2-4 
respectively.  Based  upon  the  t-Test  between  two  means,  the  distributions  for  all  conditions  were 
different  except  the  plastic  4  radiated  and  2  radiated  plus  4  thermal  that  had  similar  distributions. 
Based  upon  this  test  the  groups  exposed  to  four  radiation  periods  and  the  group  exposed  to  two 
radiation  periods  plus  four  thermal  periods  experienced  similar  shifts  in  mean  value  and  their 
distribution  shapes  were  similar. 

3.3.3  Analysis  of  Large  Signal  Voltage  Gain  Parametric  Data  (RL=10K) 

Figures  3.3.3- 1  and  3. 3. 3-2  show  the  average  values  of  large  signal  voltage  gain  into  a  high 
impedance  load  for  plastic  and  ceramic  op-amps  respectively.  These  parameter  values  were  all 
measured  at  room  temperature.  The  specification  sheet  for  these  components  calls  for  a  minimum  large 
signal  voltage  gain  of  150  V/mV  when  a  load  resistance  of  10  kH  is  applied.  However,  much  larger 
gain  values  were  encountered.  The  gain  significantly  decreased  with  extended  exposure  for  all  cases  in 
both  plastic  and  ceramic  devices. 

Figure  3. 3. 3-3  shows  the  t-Test  results  for  plastic  test  parts  exposed  to  various  test  scenarios. 
Figure  3. 3.3-4  shows  the  same  t-Test  for  ceramic  parts.  For  both  types  of  parts,  the  4-month  thermal  and 
4-month  radiated  exposure  had  similar  distributions.  This  is  the  first  case  when  an  observable  trend  in 
t-Tests  was  seen  between  ceramic  and  plastic  components  for  the  same  environment.  This  shows  that 
for  ceramic  and  plastic  components  the  four  month  exposure  to  radiation  and  four  month  exposure  to 
thermal  conditions  produced  approximately  the  same  effect  on  parameter  values.  Their  change  in  mean 
values  and  their  distribution  shapes  were  similar. 

3.3.4  Analysis  of  Positive  Power  Supply  Current  (Ice)  Parametric  Data 

The  next  parameter  analyzed  was  the  positive  supply  current  (Ice)  of  the  operational  amplifiers. 
This  value  should  not  exceed  15  nA  as  described  on  the  specification  sheet.  The  extended  exposure 
analysis  of  Ice  for  the  plastic  op-amps,  which  is  shown  in  Figure  3.3.4-1,  is  inconclusive.  There  were 
some  observed  increases  in  the  supply  current  with  extended  exposure  and  some  decreases  in  supply 
current.  The  currents  were  always  less  than  15  nA  and  the  values  were  usually  around  4-5  nA.  There 
were  significantly  large  increases  in  supply  current  when  transitioning  from  cool  to  room  measurement 
temperatures.  There  were  increases  from  room  to  warm  measurement  temperatures  but  they  were  much 
less  than  the  cool  to  room  transition.  For  the  ceramic  parts  there  were  inconclusive  trends  observed  for 
extended  exposure,  which  is  shown  in  Figure  3. 3. 4-2.  All  supply  current  measurements  were  within 
specification  and  were  approximately  5  nA  in  magnitude.  There  were  large  increases  from  cool  to  room 
measurement  temperatures  and  smaller  increases  from  room  to  warm  temperatures. 

The  t-Test  showed  that  there  were  similar  distributions  for  the  4  month  thermal  and  2  month 
radiated  plus  4  month  thermal  environments  for  the  plastic  op-amp  as  shown  above  in  Figure  3. 3.4-3. 
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The  minimum  passing  value  for  the  large  signal  voltage  gain  is  100  V/mV 
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Figure  3.3.2-2:  Large  Signal  Voltage  Gain  Change  and  Margin  of  Pass  Summary  for  Ceramic  Op-Amps 
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Figure  3. 3.2-3:  t-Test  Results  and  Change  in  Mean  Value  for  Environmental  Conditions  for  Plastic  Op- 

Amps 
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Figure  3.3.2-4:  t-Test  Results  and  Change  in  Mean  Value  for  Environmental  Conditions  for  Ceramic 

Op-Amps 


The  minimum  passinq  value  large  signal  voltage  gain  for  Rl=10k  and  plastic  components  is  150  V/mV 
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Figure  3.3.3-1:  Large  Signal  Voltage  Gain  and  Change  at  RL=10K  for  Plastic  Op-amps 
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Figure  3.3.3-2:  Large  Signal  Voltage  Gain  Change  at  RL=10K  for  Ceramic  Op-amps 
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Figure  333-3:  t-Test  Results  and  Change  in  Mean  Value  for  Environmental  Conditions  for  Plastic  Op- 

Amps 
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Figure  333-4 :  t-Test  Results  and  Change  in  Mean  Value  for  Environmental  Conditions  for  Ceramic 

Op-Amps 
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Figure  3.3.4-2:  Ice  Change  Vs.  Time  and  Measurement  Temperature  Changes  Data  for  Ceramic  Op- 

amp 
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This  shows  that  their  shift  in  mean  values  and  the  shape  of  the  distributions  for  both  cases  were  similar 
for  both  environments.  The  distributions  were  all  different  for  the  ceramic  op-amp  as  shown  in  Figure 
3. 3.4-4. 

3.4  Analysis  of  Reliability  Factors 

The  EMESR  program  has  measured  a  substantial  body  of  data  on  two  types  of  semiconductor 
devices  exposed  to  electromagnetic  radiation  in  an  effort  to  determine  if  the  long  term  reliability  of 
these  devices  were  degraded.  One  device,  an  op  amp,  is  a  representative  analog  device.  The  second 
device,  a  flip-flop,  is  a  representative  digital  device.  The  devices  were  placed  in  a  mode-stirred  chamber 
and  exposed  to  electromagnetic  radiation  continuously  for  a  month  at  a  time,  for  a  total  of  four  months. 
Before  and  after  each  test  period,  the  manufacturers  specified  parameters  were  measured.  Parameter 
changes  were  inspected  to  determine  degradation.  For  this  reliability  analysis  of  the  data,  only  the 
analog  components  will  be  addressed. 

Based  on  the  data  examined,  no  variation  was  large  enough  to  be  interpreted  as  degradation. 
Further  exposure  to  EM  radiation  may  establish  a  trend,  or  may  cause  catastrophic  failure  of  a  device. 
However,  the  data  does  not  indicate  the  existence  of  a  trend.  There  appears  to  be  an  increase  in  the 
instantaneous  upset  rate  of  the  devices  over  time.  The  increase  is  most  noticeable  at  the  beginning  of 
the  test,  and  tends  to  level  off  to  a  constant  level.  The  cause  is  for  this  correlation  is  not  known. 

Energy  coupled  to  the  wiring  outside  of  the  device  provides  the  main  electrical  stress,  not  the 
energy  coupled  directly  into  the  device.  Thus,  the  main  electrical  stress  occurs  to  junctions  connected 
to  external  pins. 

3.4.1  Objective  of  Reliability  Analysis 

The  objective  of  the  reliability  analysis  was  to  examine  the  EMESR  program  test  data  and 
assess  degradation  of  semiconductor  devices  due  to  exposure  to  electromagnetic  radiation.  A  critical 
aspect  is  to  determine  the  definition  of  degradation.  Failure  is  easy  to  define  and  measure.  A  device 
either  meets  its  manufacturer  specifications  or  it  fails.  Degradation  is  inherently  more  difficult.  How 
much  does  a  device  parameter  have  to  vary  before  it  is  considered  degraded?  What  should  the  change 
in  device  parameters  be  compared  with?  If  the  device  parameters  change,  can  the  change  be  attributed 
to  the  electromagnetic  exposure,  or  is  it  due  to  normal  device  performance?  Measured  variations  will 
have  to  be  separated  by  changes  due  to  “bum-in”  and  test  measurement  errors.  The  measured 
parameters  may  inherently  have  a  wide  variation  to  begin  with.  The  data  will  be  examined  to  determine 
if  a  definition  of  degradation  can  be  determined. 

A  second  objective  will  be  to  assess  potential  damage  mechanisms  due  to  the  electrical  stress. 
Potential  areas  of  vulnerability  will  be  identified.  The  parameters  associated  with  damage  to  the 
vulnerable  areas  will  be  examined. 

3.4.2  Reliability  Analysis  Approach 

Manufacturer  specified  parameters  were  measured  before  and  after  each  test.  This  data  was 
examined  for  changes  and  related  to  the  specification  to  determine  if  the  device  failed.  Then  an  attempt 


44 


Control 

4  thermal 

2  radiated  4 

thermal 

4  radiated 

Overall  change  (%) 

Control 

9.47867E-05 

2.051659452 

4  thermal 

different 

0.6800058 

2  radiated  4 

thermal 

different 

similar 

3.56E-05 

0.774876704 

4  radiated 

different 

different 

different 

7.63E-05 

1.632784079 

Figure  3. 3.4-3:  t-Test  Results  and  Change  in  Mean  Value  for  Environmental  Conditions  for  Plastic  Op- 

Amps 
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Figure  3.3.4-4:  t-Test  Results  and  Change  in  Mean  Value  for  Environmental  Conditions  for  Ceramic 
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will  be  made  to  define  degradation.  The  data  will  be  examined  to  determine  if  a  trend  exists  towards 
exceeding  the  specification.  Such  a  trend  may  be  extrapolated  to  predict  device  failure.  Also,  a 
discrete  shift  in  the  device  parameters  may  be  an  indication  that  a  change  occurred  in  the  device.  Such 
a  change  may  be  determined  to  be  degradation.  Secondly,  the  average  upset  rate  during  the  test  will 
examined  as  a  function  of  time.  An  increase  in  the  upset  rate  may  indicate  the  degradation  of  the 
device. 

Previous  electromagnetic  pulse  (EMP)  and  electro-static  discharge  (ESD)  studies  can  offer 
insight  into  the  damage  mechanisms  of  electromagnetic  stress  on  semiconductor  devices.  Basically 
there  are  two  damage  mechanisms.  The  first  is  electric  breakdown  due  to  excessive  voltage.  An 
example  would  be  breakdown  of  the  dielectric  layer  of  a  JFET  gate.  The  second  mechanism  is  thermal. 
Most  electrical  properties  of  semiconductors  have  temperature  dependence.  An  example  of  thermal 
failure  is  melting  inside  a  p-n  junction.  In  the  case  of  reversed  breakdown  of  the  junction,  most  of  the 
energy  is  deposited  in  the  depletion  region,  which  is  typically  1  fl  m  long.  An  electromagnetic 
transient  pulse  can  deposit  energy  much  faster  than  thermal  diffusion  can  remove  the  energy. 
Therefore,  the  temperature  of  the  junction  can  be  much  higher  than  the  case  temperature  for  a  pulse  on 
the  order  of  1  /Is.  Electromagnetic  energy  is  deposited  in  a  small  junction  region  and  locally  heats  the 
region  until  the  material  melts.  The  material  will  cool  and  re-crystallize,  which  shorts  the  junction.  The 
junction  temperature  will  depend  on  the  energy  deposited,  the  rate  at  which  it  is  deposited,  the 
electrical  and  thermal  properties  of  the  material.  The  failure  energy  levels  for  a  given  device  inherently 
have  a  large  spread.  It  is  common  to  have  at  least  a  factor  of  10  variation,  even  when  stressed  under 
similar  conditions.  Therefore  in  assessing  damage  due  to  EMESR,  a  large  scatter  to  the  data  should  be 
expected. 

3.4.3  Reliability  Analysis 

The  primary  focus  of  an  Electrostatic  Discharge  (ESD)  failure  is  the  input  stages  of  the  device, 
for  two  reasons.  First,  the  input  stage  is  usually  the  most  sensitive  part  of  the  amplifier.  Secondly,  the 
input  terminals  are  connected  to  the  external  environment  via  the  leads.  In  the  case  of  EMESR,  the 
external  leads  will  act  as  antenna  collecting  electromagnetic  energy  and  placing  that  energy  across  the 
input  stage  transistors. 

The  voltages  induced  inside  the  semiconductor  by  direct  electric  field  illumination  are  much 
less  than  voltages  induced  by  field  coupling  to  the  external  wiring  and  conducted  inside  the  chip.  A 
simple  calculation  will  demonstrate  this  point.  The  maximum  E  field  strength  at  800  MHz  at  1000  W 
input  power  to  the  reverberation  chamber  was  measured  to  be  336  V/m.  (Reference  14.3  p.  16).  The 
voltage  induced  by  direct  illumination  across  a  p-n  junction  is: 


V=E*dl. 


The  typical  p-n  junction  is  about  1  /l  m. 
The  voltage  is  then: 


46 


V=  336  (V/m)  *l(/lm)=  336*10'6V,  or  336/1  V. 

If  two  pins  on  the  chip  are  2mm  apart,  the  open  circuit  voltage  between  them  is: 

V  =  336*  10'6  (V/m)*  2(mm)  =  672mV 

If  these  two  pins  were  the  input  to  a  transistor,  this  voltage  would  be  dropped  directly  across  the  base- 
emitter  junction.  The  672mV  induced  voltage  is  hardly  a  threat.  Any  significant  energy  must  be 
coupled  to  the  external  wiring  and  conducted  into  the  chip.  A  more  involved  analysis  could  be 
performed  to  calculate  the  voltage  induced  on  the  current  traces  on  the  test  fixture.  This  example  is 
only  meant  to  demonstrate  that  the  maximum  stress  is  induced  by  coupling  to  the  external  wiring  and 
then  is  conducted  directly  inside  the  chip.  The  components  inside  the  chip  are  too  small  to  couple 
enough  energy  to  affect  the  performance.  The  focus  of  the  analysis  will  be  on  areas  connected  to 
external  pins. 

Two  parameters  that  indicate  damage  to  the  input  stage  of  an  operational  amplifier  are  the  input 
offset  current  and  the  input  offset  voltage.  If  the  input  transistors  are  damaged,  they  will  tend  to  have 
an  increase  in  the  leakage  current. 

The  initial  focus  of  the  study  was  to  look  at  changes  in  the  input  offset  voltage  and  input  offset 
current.  None  of  the  parts  had  significant  increases  in  the  offset  voltage.  Only  a  few  parts  had 
significant  increases  in  the  input  offset  current.  S/N  3299  had  an  increase  of  over  100%.  However,  as 
seen  in  Figure  3.4.3- 1,  when  this  change  was  compared  to  the  specification,  the  part  was  not  even  close 
to  going  out  of  specification.  In  fact,  the  change  was  closer  to  the  typical  value  than  to  any  of  the 
extremes.  Some  parts  had  increases,  then  decreases  in  the  values  making  it  impossible  to  determine  a 
trend.  Also,  a  trend  with  only  three  data  points  does  not  instill  much  confidence. 

The  focus  of  the  study  was  broadened  to  include  all  measured  parameters  of  the  test.  Using  a 
previous  assessment  of  the  parameter  changes,  focus  was  on  the  parameter  values  noted  with  the  most 
severe  changes.  In  no  case  was  a  parameter  out  of  specification.  When  all  the  parameter  changes  were 
compared  to  the  allowed  specified  values,  no  parameter  change  was  even  close  to  bringing  a  device  out 
of  specification. 

Trends  to  the  changes  in  data  are  impossible  to  establish.  Many  of  the  parameters  increase 
significantly,  then  decrease  for  a  small  net  change.  In  addition,  only  three,  and  in  some  cases,  only  five 
data  points  exist  to  establish  a  trend.  For  data  on  these  devices,  one  would  expect  a  large  amount  of 
scatter  due  to  the  nature  of  the  problem.  Failures  are  easy  to  detect  since  it  either  meets  specification  or 
it  doesn’t.  An  assessment  on  degradation  is  inherently  much  more  difficult.  Variations  due  to 
degradation  are  smaller  and  can  conceivably  be  masked  by  other  factors,  such  as  measurement  errors, 
etc.  The  amount  of  scatter  and  the  trend  of  the  data  are  impossible  to  predict  with  a  limited  number  of 
test  periods. 

The  upset  rate  data  was  examined  to  determine  if  upsets  increased  over  the  course  of  a  test.  A 
clear  increase  in  upset  rate  may  be  interpreted  as  degradation.  The  upset  rate  and  power  were  recorded 
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every  two  days.  Three  test  periods  are  shown  in  Figure  3.43-2.  Since  the  power  varied  over  the  time 
period,  a  two-dimensional  regression  analysis  was  performed  with  input  power  and  time  being  the 
independent  variables,  and  upset  rate  being  the  dependent  variable.  The  results  are  shown  in  Figure 
3.43-3.  Figure  3.43-3  (top)  indicates  that  the  upset  rate  varies  more  with  the  variation  in  power,  than 
with  time  during  test  period  2.  Figure  3.43-3  (bottom  right)  shows  when  the  power  variation  is  not  as 
great,  a  stronger  dependence  on  the  time  is  seen  for  test  period  3.  Finally,  in  Figure  3.43-3  (bottom 
left),  the  power  variation  is  only  5.6%,  and  a  clear  dependence  on  upset  rate  is  seen.  A  one  dimensional 
regression  analysis  for  the  data  in  Figure  3.43-3  (bottom  left)  was  performed  to  investigate  the 
dependence  of  the  upset  rate  on  time  alone.  Figure  3.43-4,  shows  a  simple  3rd  order  polynomial  curve 
fit  that  shows  the  dependence  of  the  upset  rate  on  time.  The  upset  rate  increases  during  the  first  part  of 
the  test  then  tends  to  level  off  to  a  constant  value.  Cursory  examination  of  the  instantaneous  upset  rate 
for  other  tests  confirm  this  trend,  showing  an  increase  in  upset  rate  in  the  first  few  days  of  testing,  and 
These  results  establish  a  correlation  between  upset  rate  and  exposure  time.  This  does  not  necessarily 
imply  a  direct  cause  and  effect  relationship  between  exposure  time  and  upset  rate.  The  upset  rate  could 
have  increased  due  to  “bum  in”,  an  increase  in  temperature,  or  other  variable  over  the  course  of  the  test. 

The  ESD  community  has  identified  the  existence  of  latent  failures.  A  latent  failure  is  one 
where  the  device  is  damaged,  but  still  meets  its  manufacturer’s  specifications.  The  device  will  continue 
to  degrade  due  to  the  latent  failure  into  a  full  failure,  either  by  exceeding  the  manufacturer’s 
specifications  or  by  a  catastrophic  failure  where  the  device  no  longer  operates.  The  full  failure  can 
develop  due  to  event  dependence,  i.e.  additional  electrical  stresses,  or  time  dependence,  similar  to  an 
accelerated  aging  process.  The  event  dependent  mechanisms  have  been  validated.  The  time  dependent 
mechanisms  have  not,  although  some  studies  indicate  they  may  exist. 

The  problems  of  proving  time  dependent  failures  are  similar  to  proving  degradation  to 
electromagnetic  exposure.  Issues  dealing  with  the  length  of  time  it  takes  to  develop  failure,  and  the 
ability  to  separate  this  slow  degradation  due  to  electrical  stress  from  all  other  potential  causes. 
Reference  14.3  (chapter  6)  has  some  methods  to  detect  latent  failures,  both  internal  inspection  failure 
analysis  and  electrical  parameter  tests. 

The  following  is  a  list  of  potential  damage  mechanisms. 

1.  Mechanical  failure  to  thermal  stresses.  Electromagnetic  transients  can  cause  large  thermal 
gradients  to  exist  in  the  device,  due  to  the  fast  nature  of  the  transient  relative  to  the  thermal 
diffusion  time  constant.  Thermal  gradients,  as  well  as  different  coefficients  of  thermal  expansion 
of  different  materials  can  cause  mechanical  stresses  in  the  device.  Over  time,  constantly  stressing 
the  device  in  this  manner  may  cause  a  mechanical  failure.  (Reference  14.4,  page  101) 

2.  Damage  to  the  dielectric  of  the  gate  of  a  MOSFET  transistor.  Dielectrics  degrade  over  time. 
Electrical  stress  and  temperature  accelerate  degradation  of  wire  dielectric.  It  is  conceivable  that  the 
FET  gate  dielectric  may  potentially  degrade  over  time  as  well  due  to  the  added  stress  of 
electromagnetic  transients. 

3.  Latch-up.  CMOS  circuits  are  particularly  susceptible  to  latch  up.  The  flip-flop  is  a  CMOS  device. 
Latch  up  can  occur  when  the  input  voltages  exceed  the  supply  voltage  and  a  parasitic  bipolar 
transistor  becomes  forward  biased  and  turns  on.  This  effectively  shorts  the  power  supply  and  in  the 
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"S/N  3299  measured  current 
"Maximum  specification 
"typical  value 


Figure  3.4.3-1:  Input  Offset  Current,  OP-271  S/N  3299,  Cool  Temperature  Test,  Plastic  Package 
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Figure  3.4.3-2:  Instantaneous  upset  rate  for  analog  devices  (3  cases) 
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right  conditions  is  self-sustaining,  potentially  damaging  the  part.  Damage  often  takes  the  form  of  an 
open  circuit  due  to  melting  of  a  circuit  trace.  One  digital  device  had  failed  with  an  open  circuit  on 
the  voltage  input.  A  potential  cause  of  this  failure  may  be  latch  up. 

3.5  Analysis  of  Failed  Test  Parts 

The  reliability  lab  of  the  Air  Force  Laboratory  in  Rome  New  York  performed  electrical  testing 
and  failure  analysis  on  a  small  number  of  the  parts  from  our  testing.  It  had  been  hoped  that  they  would 
be  able  to  find  the  cause  of  parametric  shift  as  well  as  device  failure,  but  they  were  not  able  to 
accomplish  this.  Five  digital  parts  and  seven  analog  parts  were  submitted  for  analysis,  and  those  parts 
were  representative  of  the  parts  subjected  to  the  testing  performed  under  this  contract.  The  two  digital 
parts  that  failed  during  test  and  one  of  the  three  analog  parts  that  exceeded  the  manufacturers 
specification  were  also  included.  Only  3  digital  parts  were  actually  subjected  to  their  testing  and  only 
one  analog  part  and  one  digital  part  were  subjected  to  failure  analysis  by  visual  inspection.  The 
following  parts  were  those  recommended  for  failure  and  parameter  shift  analysis.  Please  note  that 
#lxxx  and  #3xxx  are  plastic  parts,  #2xxx  and  #4xxx  are  ceramic  parts. 

1  -  Digital  plastic  part  that  failed  in  first  EM  radiated  test:  #1081 

2  -  Digital  parts  from  reference  test:  #1162,  #2197 

2  -  Digital  parts  in  EM  radiated  test  7  months:  #1057,  #2053(failed) 

1  -  Analog  ceramic  part  from  EM  radiated  test  -  exceeded  Vio  specification  limits:  #4217 

2  -  Analog  parts  from  reference  test:  #340 1 ,  #4432 

2  -  Analog  parts  in  EM  radiated  test  7  months:  #3253,  #4268 

2  -  Analog  parts  in  thermal  test  +  thermal  EM  radiated  test:  #3537,  #4514 
Digital  parts  2197,  1081,  and  2053  were  given  an  electrical  functional  test.  Part  2197  passed  the  test 
and  parts  1081  and  2053  failed  the  test.  The  result  of  the  electrical  testing  of  these  three  devices  is 
shown  in  Figure  3.5-1. 

The  ceramic  package  lid  was  removed  from  digital  part  2053  and  photographs  were  taken. 
Figure  3.5-2  shows  the  melted  ends  of  the  (open)  bond  wire  from  pin  7  to  the  die.  This  is  typical  of  a 
long  direct  current  overstress.  Figure  3.5-3  shows  a  200X  magnification  of  an  area  of  part  2053  near  pin 
3.  This  is  an  area  of  the  die  that  has  melted  metallization  visible  to  the  left  of  the  bond  pad,  and  there  is 
some  metal  penetration  into  the  contacts  in  the  protective  network  component  to  the  left.  This  part  has 
an  electrical  short  between  pin  3  and  pin  14,  which  is  the  positive  power  supply  lead.  Figure  3.5-4 
shows  a  200X  magnification  of  pin  11,  which  is  also  shorted  to  pin  14  and  shows  physical  damage 
similar  to  that  of  pin  3. 

The  analog  part  that  was  subjected  to  visual  analysis  was  operational  amp  #4217,  which  had 
exceeded  Input  Offset  Voltage  (Vio)  specification  limits.  It  was  visually  inspected  at  500X.  The  die 
looked  clean,  there  were  no  overstresses,  and  nothing  out  of  the  ordinary  was  seen  that  might  explain 
the  parameter  drift.  The  cause  of  the  drift  is  unknown.  Some  of  the  possible  causes  of  parameter  drift 
suggested  by  the  Air  Force  Laboratory  were  ambient  gas  containing  water  vapor,  trace  contaminants  in 
the  oxide,  and  non-visible  damage  to  the  input  stage  transistors. 


51 


+ 


-  pin 


2197 


1081 


2053  (Failed) 


Figure  3.5-1:  Electrical  Test  Results  From  Three  Digital  Test  Parts 
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Figure  3.5-2:  Photograph  of  Failed  Bond  Wire  on  Digital  Part  #2053 


Figure  3.5-3:  Photograph  of  Digital  Part  #2053  Showing  Physical  Damage  Near  Pin  3 


Figure  3.5-4:  Photograph  of  Digital  Part  #2053  Showing  Physical  Damage  Near  Pin  1 1 
3.6  Summary  From  Analysis  of  Test  Results 

The  analyses  performed  on  the  test  data  indicates  that  the  failure  rate  of  devices  exposed  to 
electromagnetic  radiation  is  higher  than  those  operated  in  a  low  (ambient)  EM  environment.  We  also 
found  that  electromagnetic  exposure  does  cause  parameters  of  the  analog  devices  to  shift  beyond  that 
which  would  be  expected  for  normal  operation  in  a  low  (ambient)  EM  environment.  It  also  appears  that 
RF  radiation  exposure  may  cause  the  drift  in  the  values  of  analog  device  parameters  to  be  more  erratic 
than  the  drift  in  the  parameter  values  of  the  control  lot  analog  devices. 

The  digital  devices  exposed  to  EM  energy  changed  more,  in  most  cases,  than  did  the  digital 
control  group,  but  in  several  instances  the  digital  control  group  parameter  shifts  were  a  little  bit  larger 
than  those  of  the  EM  radiated  digital  group.  In  the  timing  measurements  more  of  the  digital  devices  that 
were  exposed  to  EM  radiation  had  large  shifts  or  step  increases  in  timing  parameters  than  did  the  digital 
control  group,  and  more  in  the  digital  control  group  had  small  timing  shifts  or  step  decreases  than  the 
EM  radiated  digital  parts.  The  test  results  also  show  that,  in  the  majority  of  cases,  the  parameter  shifts 
occur  early  in  the  testing  then  stabilize. 

We  feel  that  additional  testing  needs  to  be  done  in  this  area  in  order  to  observe  device  failure 
rates,  failure  modes,  and  to  monitor  the  device  parameter  values  to  see  whether  these  device  parameter 
values  remain  within  the  manufacturer  parameter  specification  ranges.  Test  devices  need  to  be  exposed 
to  electromagnetic  radiation  over  longer  periods  of  time  to  either  firmly  establish  or  totally  discount  the 
subtle  trends  we  noticed  in  these  studies.  We  also  believe  that  not  enough  data  has  been  accumulated  to 
be  able  to  assign  a  numerical  value  to  the  electromagnetic  effects  that  we  have  observed  on  the 
reliability  of  the  analog  and  digital  test  devices.  A  detailed  conclusion  is  contained  in  section  13. 
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4.0  SELECTION  AND  PROCUREMENT  OF  TEST  PARTS 


The  parts  selected  for  this  test  program  were  the  54ACT74  (ceramic)  and  54ACT74  (plastic) 
digital  flip-flops  and  the  OP271FZ  (ceramic)  and  OP271GF  (plastic)  operational  amplifiers.  A  total  of 
2340  parts  were  purchased,  which  supplied  the  needs  of  all  the  tests. 

4.1  Selection  of  Test  Parts 

At  the  beginning  of  the  contract  we  determined  that  it  would  be  good  to  test  both  analog  and 
digital  devices,  because  each  has  its  own  set  of  unique  characteristics  that  need  to  be  addressed.  Our 
preliminary  survey  of  candidate  devices  indicated  that  basic  analog  components  (such  as  operational 
amplifiers  and  comparators)  and  digital  glue  logic  (such  as  buffers  and  gates)  offered  more  benefits 
than  more  highly  integrated  devices.  We  wanted  the  test  devices  to  be  representative  of  the  most  up  to 
date  proven  technology,  to  be  in  current  use  in  both  commercial  and  military  applications,  to  be  cost 
effective  so  that  a  large  number  of  the  devices  could  be  procured  for  the  test  program,  and  for  the  test 
devices  to  have  a  physical  interface  that  would  allow  easy  insertion  and  removal  from  the  test  fixtures. 
It  would  have  been  nice  to  test  several  of  the  highly  integrated  devices,  but  the  cost  and  complexity 
associated  with  testing  digital  VLSI,  Hybrids,  and  ASICs  were  beyond  the  scope  or  available  resources 
of  this  program.  During  the  part  selection  phase  of  the  contract,  we  found  two  device  types  that  met  all 
of  our  criteria.  These  are  digital  flip-flops  and  analog  operational  amplifiers. 

In  our  technical  proposal  we  originally  favored  the  octal  buffer  as  a  digital  test  device.  Signal 
line  measurement  of  an  octal  buffer  adds  unnecessary  complexity  to  the  test  fixture  and  monitoring 
system.  We  believe  the  digital  flip-flop  is  a  better  test  device  choice  when  test  fixture  design  and  device 
signal  line  monitoring  are  considered.  In  addition,  we  chose  dual  device  packages  as  opposed  to  quad 
packaging  to  simplify  monitoring  and  test  fixture  design.  We  feel  that  within  the  limits  of  what  we  were 
able  to  achieve  with  our  device  monitoring  design,  the  dual  device  package  emphasized  the  separately 
packaged  parts  as  opposed  to  multiple  parts  in  each  package. 

The  digital  device  we  recommended  is  a  dual  “D”  type  flop-flop  of  the  74X74  family  of 
devices.  The  specific  device  numbers  we  chose  are  the  CD54ACT74F3A  and  the  CD74ACT74E 
manufactured  by  Harris  Semiconductor.  These  are  fabricated  in  advanced  CMOS  technology  that,  at 
the  time  it  was  chosen,  was  the  most  advanced  version  available  for  standard  logic  devices.  We  have 
chosen  CMOS  technology  due  to  its  popularity  in  system  design  and  low  power  dissipation,  which  is 
becoming  an  increasingly  important  design  consideration.  An  additional  factor  that  favored  CMOS 
over  fast  TTL  or  ECL  was  the  fact  that  complex  VLSI  and  digital  ASICs  are  predominantly 
manufactured  in  CMOS  technology. 

The  54ACT74  is  a  military  part  packaged  in  a  ceramic  dual-in-line  package  (DIP).  The 
74ACT74  is  a  commercially  specified  plastic  DIP  device.  The  specified  performance  for  both  devices 
are  very  similar  with  the  major  difference  being  that  the  CD74ACT74E  is  rated  for  operation  from  -40° 
C  to  +125°  C  and  the  CD54ACT74F3A  is  rated  from  -55°  C  to  +125°  C.  The  flip-flop  function 
performed  by  these  devices  is  useful  and  a  very  common  feature  found  in  electronic  system  design. 
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The  analog  test  device  type  we  recommended  is  a  high  speed,  voltage  feedback,  operational 
amplifier.  We  feel  this  is  a  good  choice  since  these  types  of  op-amps  are  very  common  in  avionics 
design.  Boeing’s  part  procurement  data  for  it's  commercial  airplane  electronic  systems  shows  that  high 
speed  op-amps  are  always  one  of  the  more  frequent  candidates  for  study,  and  we  have  chosen  an  Op- 
271  for  this  program.  The  OP-271  is  a  dual,  high-speed,  low  noise  operational  amplifier  that  has  been 
designed  into  the  767-AWACS  and  F-22  airplanes. 

This  part  is  also  available  in  both  ceramic  and  plastic  DIP  packages  (OP271FZ  and  OP271GP 
respectively).  Both  of  these  devices  are  specified  to  operate  from  -40°  to  85°  degrees  C.  The  ceramic 
OP271FX  device  however  does  have  slightly  tighter  limits  and  tolerances  for  some  parameters  than  the 
plastic  OP271GP.  The  primary  manufacturer  of  these  devices  is  Analog  Devices  Inc,  and  test  parts 
were  purchased  from  PMI  and  Analog  Devices. 

4.2  Procurement  of  Test  Parts 

Our  initial  purchase  of  test  parts  consisted  of  450  each  of  the  74ACT74  ceramic  flip-flop  and 
74ACT74  plastic  flip-flop,  and  450  each  of  the  OP271FZ  ceramic  operational  amplifier  and  OP271GF 
plastic  operational  amplifier.  The  flip-flops  were  all  made  by  Harris  and  the  operational  amplifiers  were 
made  by  PMI.  Following  test  period  6  it  was  determined  that  analog  test  devices  rather  than  digital  test 
devices  would  be  used  in  the  thermal  and  life  tests.  In  August  1996,  210  each  of  the  OP271FZ  ceramic 
operational  amplifier  and  OP271GF  plastic  operational  amplifier  were  ordered.  A  total  of  2340  parts 
were  ordered  to  supply  the  test  needs  of  the  contract.  Analog  Devices  manufactured  the  follow-on  lots 
of  op-amps  because  they  had  acquired  the  PMI  production  facilities.  It  is  our  understanding  that  the 
Analog  Devices  OP-271  were  produced  on  the  same  production  line  as  those  purchased  from  PMI. 


5.0  ACCEPTANCE  TESTING 

The  electrical  acceptance  test  is  performed  on  each  test  device  before  and  after  each  radiated 
susceptibility  test.  The  purpose  of  the  electrical  acceptance  test  is  to  record  the  initial  performance  data 
of  all  test  devices,  to  verify  that  they  meet  manufacturer  specifications,  and  to  record  performance  data 
following  each  test.  Electrical  acceptance  testing  is  the  first  step  in  the  electrical  test  flow  for  each 
device,  which  is  shown  in  Figure  5.0-1.  As  this  figure  illustrates,  each  device  will  be  evaluated  a 
minimum  of  twice,  but  possibly  as  many  as  5  times  during  the  course  of  the  program  to  measure 
performance  and  parameter  trends.  The  automated  test  system  is  able  to  perform  all  of  the  electrical 
tests  required  for  acceptance  testing. 

5.1  Acceptance  Testing  Approach 

The  electrical  acceptance  testing  will  verify  device  functionality  and  measure  device 
parameters.  We  are  aware  that  the  cumulative  effects  of  exposure  to  RF  energy  may  show  up  as  a 
degradation  of  performance  rather  than  a  catastrophic  failure,  especially  in  analog  devices.  We  are  also 
aware  that  this  performance  degradation  may  be  small,  which  makes  pass/fail  testing  unacceptable; 
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Figure  5.0-1:  Electrical  Acceptance  Test  Flow  Diagram 
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hence  the  emphasis  on  parametric  testing.  From  these  issues  the  following  test  philosophy  was 
developed: 

1)  Will  read  and  record  all  test  data:  The  need  to  perform  trend  analysis  requires  that  actual  test  values 
be  stored. 

2)  Will  perform  complete  parametric  test:  Since  the  potential  failure  modes  of  RF  exposure  have  not 
been  defined,  all  parameters  of  each  device  type  must  be  examined. 

3)  Tests  will  cover  entire  operating  temperature  range:  Both  the  OP-27 1GP  (plastic  op-amp)  and  OP- 
27 1FZ  (ceramic  op-amp)  are  specified  for  operation  from  -40°  C  to  +85°  C.,  so  testing  was  done  at  -40° 
C,  +25°  C,  and  +85°  C.  For  the  digital  devices,  the  74ACT74E  (plastic  flip-flop)  is  specified  for  -40°  C 
to  +125°  C  while  the  military  54ACT74F3A  (ceramic  flip-flop)  has  a  temperature  range  of  -55°  C  to 
+125°  C.  Since  there  is  much  interest  in  having  a  common  temperature  baseline  with  the  analog  parts  as 
well  as  comparing  plastic  vs.  ceramic  part  data,  all  the  digital  test  devices  were  tested  at  -40°  C  and 
+85°  C,  the  same  as  the  analog  parts.  However,  25%  of  the  54ACT74F3A  (ceramic)  digital  test  devices 
were  also  tested  at  -55°  C  and  +125°  C  to  evaluate  trends  at  the  higher  operating  temperature  limits  of 
the  digital  parts  where  higher  stress  levels  might  be  noticed.  None  of  the  commercial  devices  were 
stressed  to  these  levels. 

5.2  Device  Acceptance  Tests 

The  acceptance  test  to  evaluate  the  OP-271  operational  amplifiers  will  accommodate  both  the 
OP-27 1GP  plastic  devices  and  the  OP-27 1FZ  ceramic  devices.  The  test  requirements  for  the  program 
were  developed  from  the  Boeing  Defense  &  Space  Group  receiving  inspection  test  documents 
supplemented  with  the  manufacturer  specifications. 

Section  5.4  describes  the  automated  test  system  (ATS)  and  the  special  application  module  that 
is  used  to  test  operational  amplifiers  such  as  the  OP-271.  The  OP-271  program  measures  28  operational 
parameters.  These  parameters,  which  are  measured  for  both  devices  in  the  package,  are  shown  in  Figure 
5.2-1.  The  conditions  used  to  make  these  measurements  are  those  defined  in  the  manufacturer's 
specification.  Test  setups  and  measurement  procedures  also  follow  procedures  defined  in  the  “Analog 
Testing  Handbook”  published  by  Rome  Laboratory. 

The  acceptance  test  to  evaluate  the  54/74ACT74  digital  flip-flops  will  accommodate  both  the 
74ACT74E  plastic  devices  and  the  54ACT74F  ceramic  devices.  The  test  requirements  for  the  program 
were  also  developed  from  the  Boeing  Defense  &  Space  Group  receiving  inspection  test  documents 
supplemented  with  the  manufacturer's  specifications. 

The  automated  test  system  uses  a  general-purpose  application  module  to  test  digital  flip-flops 
such  as  the  54/74ACT74.  The  54/74ACT74  program  measures  the  voltage  and  current  parameters  that 
are  listed  in  Figure  5.2-2  and  the  timing  parameters  that  are  listed  in  Figures  5.2-3a  and  5.2-3b;  a  total 
of  127  different  tests.  The  conditions  used  to  make  these  measurements  are  those  defined  in  the 
manufacturer's  specification.  Test  setups  and  measurement  procedures  follow  industry  standard 
methods  outlined  in  MIL-STD-883C. 
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V.o- 
Iio  * 

IlB  * 

IVR  - 

Avo- 

CMRR  - 

PSRR  - 

Vop  * 

Icc  - 
Iee  ' 
SR- 
ts  - 

GBW  - 


Input  Offset  Voltage:  The  voltage  difference  between  the  inputs  when  the  output  voltage  is 
OV. 

Input  Offset  Current:  The  difference  between  the  currents  flowing  into  the  inputs  when  the 
output  voltage  is  0. 

Input  Bias  Current:  Current  flowing  into  the  inputs. 

Input  Voltage  Range:  The  maximum  range  of  voltages  that  may  be  applied  to  the  inputs. 
Small-Signal  Voltage  Gain:  (Voltage  out/)(voltage  in)  for  a  small  output  (usually  less  than 
IV)  signal. 

Common  Mode  Rejection  Ratio:  The  ratio,  usually  expressed  in  dB,  at  which  the  output 
voltage  is  affected  by  a  voltage  applied  to  both  inputs  simultaneously. 

Power  Supply  Rejection  Ratio:  The  ratio,  usually  expressed  in  dB,  at  which  the  output 
voltage  is  affected  by  a  voltage  applied  to  the  power  supply  terminal. 

Output  Voltage  Swing:  Maximum  range  of  voltages  the  output  can  achieve. 

Positive  Supply  Current:  Current  into  the  positive  pin  of  the  Op-amp. 

Negative  Supply  Current:  Current  into  the  negative  pin  of  the  Op-amp. 

Slew  Rate:  Maximum  rate  of  change  of  the  output  voltage  in  V/us. 

Settling  Time:  Time  for  the  output  to  settle  to  .01%  from  a  10  V  Step. 

Gain  Bandwidth  Product:  Gain  multiplied  by  bandwidth  -  usually  a  constant  over  a  fairly 
wide  range  of  frequencies  for  voltage-feedback  operational  amplifiers. 


Figure  5.2-1 :  Analog  Test  Voltage  and  Current  Parameters 


Iil  -  Input  leakage  current,  input  low:  The  leakage  current  into  an  input  with  the  input  at  0  volts. 
Iih  -  Input  leakage  current,  input  high:  The  leakage  current  into  an  input  with  the  input  high. 

Vil  -  Voltage  Input  low  threshold:  The  highest  voltage  that  the  device  recognizes  as  a  low  input. 
Vih  -  Voltage  Input  high  threshold:  The  lowest  voltage  that  the  device  recognizes  as  a  high  input. 
VOH  -  Voltage  output  high:  The  “logic  1”  voltage  at  the  output  for  a  specified  load. 

Vol  -  Voltage  output  low:  The  “logic  0”  voltage  at  the  output  for  a  specified  load. 

Icc  -  Supply  current:  The  current  drawn  by  the  device  under  static  conditions  with  open  outputs. 


Figure  5.2-2:  Digital  Test  Voltage  and  Current  Parameters 
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TO  -  PR1  Pulse  Width:  The  minimum  pulse  width  that  can  be  applied  to  the  PRESET  1  input  of  the 
device  that  can  still  be  recognized  as  a  valid  signal. 

T1  -  PR2  Pulse  Width:  The  minimum  pulse  width  that  can  be  applied  to  the  PRESET  2  input  of  the 
device  that  can  still  be  recognized  as  a  valid  signal. 

T2  -  CLR1  Pulse  Width:  The  minimum  pulse  width  that  can  be  applied  to  the  CLEAR  1  input  of  the 
device  that  can  still  be  recognized  as  a  valid  signal. 

T3  -  CLR2  Pulse  Width:  The  minimum  pulse  width  that  can  be  applied  to  the  CLEAR  2  input  of  the 
device  that  can  still  be  recognized  as  a  valid  signal. 

T4  -  D1  Setup:  The  minimum  amount  of  time  that  valid  data  must  be  applied  to  D1  before  the  rising 
edge  of  CLOCK  1  for  the  flip-flop  to  recognize  the  desired  logic  level. 

T5  -  D2  Setup:  The  minimum  amount  of  time  that  valid  data  must  be  applied  to  D2  before  the  rising 
edge  of  CLOCK  2  for  the  flip-flop  to  recognize  the  desired  logic  level. 

T6  -  D1  Hold:  The  minimum  amount  of  time  that  valid  data  must  remain  on  D1  after  the  rising  edge  of 
CLOCK  1  for  the  flip-flop  to  recognize  the  desired  logic  level. 

T7  -  D2  Hold:  The  minimum  amount  of  time  that  valid  data  must  remain  on  D2  after  the  rising  edge  of 
CLOCK  2  for  the  flip-flop  to  recognize  the  desired  logic  level. 

T8  -  PR1  Remove:  The  minimum  amount  of  time  that  a  valid  signal  on  PRESET  1  must  be  removed 
before  the  rising  edge  of  CLOCK  1  for  the  flip-flop  to  latch  data  correctly.  If  this  parameter  is  violated, 
then  the  flip-flop  will  stay  in  the  preset  state  regardless  of  what  is  on  the  data  input. 

T9  -  PR2  Remove:  The  minimum  amount  of  time  that  a  valid  signal  on  PRESET  2  must  be  removed 
before  the  rising  edge  of  CLOCK  2  for  the  flip-flop  to  latch  data  correctly.  If  this  parameter  is  violated, 
then  the  flip-flop  will  stay  in  the  preset  state  regardless  of  what  is  on  the  data  input. 

T10  -  CLR1  Remove:  The  minimum  amount  of  time  that  a  valid  signal  on  CLEAR  1  must  be  removed 
before  the  rising  edge  of  CLOCK  1  for  the  flip-flop  to  latch  data  correctly.  If  this  parameter  is  violated, 
then  the  flip-flop  will  stay  in  the  clear  state  regardless  of  what  is  on  the  data  input. 

Til  -  CLR2  Remove:  The  minimum  amount  of  time  that  a  valid  signal  on  CLEAR  2  must  be  removed 
before  the  rising  edge  of  CLOCK  2  for  the  flip-flop  to  latch  data  correctly.  If  this  parameter  is  violated, 
then  the  flip-flop  will  stay  in  the  clear  state  regardless  of  what  is  on  the  data  input. 


Figure  5.2-3a:  Digital  Test  Timing  Parameters 


60 


T12  -  CLK1  Pulse  Width:  The  minimum  pulse  width  that  can  be  applied  to  the  CLOCK  1  input  of  the 
device  that  can  still  be  recognized  as  a  valid  signal. 

T13  -  CLK2  Pulse  Width:  The  minimum  pulse  width  that  can  be  applied  to  the  CLOCK  2  input  of  the 
device  that  can  still  be  recognized  as  a  valid  signal. 

T14  -  CLK  to  Q1  Delay:  The  propagation  delay  from  the  rising  edge  of  CLOCK  1  to  valid  data  being 
outputted  on  Ql. 

T15  -  CLK  to  ~Q1  Delay:  The  propagation  delay  from  the  rising  edge  of  CLOCK  1  to  valid  data  being 
outputted  on  ~Q1. 

T16  -  CLK  to  Q2  Delay:  The  propagation  delay  from  the  rising  edge  of  CLOCK  2  to  valid  data  being 
outputted  on  Q2. 

T17  -  CLK  to  ~Q2  Delay:  The  propagation  delay  from  the  rising  edge  of  CLOCK  2  to  valid  data  being 
outputted  on  ~Q2. 

T18  -  CLR1  to  Ql  TPHL:  The  propagation  delay  from  the  falling  edge  of  CLEAR  1  to  the  Ql  output 
going  to  the  low  (clear)  state. 

T19  -  CLR2  to  Q2  TPHL:  The  propagation  delay  from  the  falling  edge  of  CLEAR  2  to  the  Q2  output 
going  to  the  low  (clear)  state. 

T20  -  CLR1  to  ~Q1  TPLH:  The  propagation  delay  from  the  falling  edge  of  CLEAR  1  to  the  -Ql 
output  going  to  the  high  (clear)  state. 

T21  -  CLR2  to  ~Q2  TPLH:  The  propagation  delay  from  the  falling  edge  of  CLEAR  2  to  the  ~Q2 
output  going  to  the  high  (clear)  state. 

T22  -  PR1  to  ~Q1  TPHL:  The  propagation  delay  from  the  falling  edge  of  PRESET  1  to  the  -Ql 
output  going  to  the  low  (preset)  state. 

T23  -  PR2  to  -Q2  TPHL:  The  propagation  delay  from  the  falling  edge  of  PRESET  2  to  the  -Q2 
output  going  to  the  low  (preset)  state. 

T24  -  PR1  to  Ql  TPLH:  The  propagation  delay  from  the  falling  edge  of  PRESET  1  to  the  Ql  output 
going  to  the  high  (preset)  state. 

T25  -  PR2  to  Q2  TPLH:  The  propagation  delay  from  the  falling  edge  of  PRESET  2  to  the  Q2  output 
going  to  the  high  (preset)  state. 


Figure  5.2-3b:  Digital  Test  Timing  Parameters 
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Results  from  each  test  are  stored  as  data  files  on  the  PDP-1 1  computer  that  acts  as  the  automated  test 
system's  processing  unit.  This  information  was  transferred  to  other  computers  for  analysis. 

5.3  Reliability  Testing  Acceptance  Test  Plan 

Acceptance  testing  was  accomplished  by  subjecting  each  device  used  in  the  test  program  to  the 
complete  electrical  test  described  in  section  5.2.  Testing  that  was  performed  at  3  temperatures  across 
the  full  temperature  range  used  a  Thermostream  environmental  chamber  to  quickly  provide  the  correct 
temperatures  for  testing  the  devices. 

As  previously  shown  in  Figure  5.0-1,  test  programs  will  be  used  to  measure  and  store 
parametric  data.  Data  recorded  for  these  tests  were  given  a  "sequence  number"  which  allows  data  to  be 
examined  in  the  order  it  was  taken  for  trend  analysis.  During  these  tests,  devices  that  were  operational 
but  failed  to  meet  one  or  more  dc  parametric  or  ac  timing  tests  were  not  removed  from  the  program  but 
proceeded  through  the  testing  to  see  if  continued  RF  stress  would  cause  the  device  to  progress  to  a 
catastrophic  failure  state.  Devices  that  experienced  catastrophic  failures  were  removed. 

5.4  Parts  Test  Facility 

Electrical  acceptance  testing  was  performed  using  an  automated  test  system  (ATS)  located  at 
the  Boeing  Parts  Test  Laboratory.  This  facility  is  equipped  with  several  different  automated  test 
systems  that  can  be  used  to  test  and  evaluate  analog  and  digital  microcircuits.  Testing  of  both  the 
analog  OP-271  operational  amplifiers  and  the  54/74 ACT74  digital  flip-flops  was  performed  on  a 
Teradyne  A3 12  linear  test  system.  This  automated  test  system  has  both  analog  and  digital  test  capability 
that  allows  it  to  test  mixed  signal  devices  as  well  as  purely  linear  parts.  The  A3 12  uses  a  switching 
matrix  structure  to  allow  the  connection  of  specialized  test  sources  and  measurement  equipment  to  the 
pins  on  the  device  under  test.  This  includes  a  time  measurement  subsystem,  voltage  and  current  meters, 
power  supplies,  and  other  test  stimuli.  The  A312  comes  with  special  application  test  modules  that 
contain  pre-wired  test  setups  that  facilitate  testing  of  basic  linear  and  mixed  signal  devices.  The  OP-271 
is  placed  in  a  basic  operational  amplifier  test  module  that  is  wired  to  provide  a  test  setup  similar  to  the 
recommended  military  setup  described  in  MIL-STD-883C  and  the  "Analog  Testing  Handbook" 
published  by  Rome  Laboratory.  The  54/74ACT74  flip-flop  is  placed  in  a  different  general-purpose  test 
module  that  is  wired  to  provide  a  test  setup  similar  to  the  recommended  military  setup  described  in 
MIL-STD-883C.  These  capabilities  enable  the  A3 12  to  perform  a  complete  electrical  test  of  the  OP-271 
op-amp  and  54/74ACT74  flip-flop.  The  A312  test  system  is  calibrated  and  certified  on  a  regular 
schedule  by  the  Quality  Assurance  organization  at  Boeing. 

Additional  test  equipment  used  to  support  electrical  acceptance  testing  included  a  Temptronics 
Thermostream,  for  thermal  control,  and  computing  resources  for  storage  of  the  test  data.  Part  of  the  test 
procedure  calls  for  electrical  testing  to  be  performed  at  the  specified  temperature  extremes  for  the  test 
devices,  which  is  -40°  C  to  +85°  C  for  both  the  OP-271  operational  amplifiers  and  54/74ACT74  flip- 
flop.  This  temperature  environment  was  provided  by  the  Temptronics  Thermostream  system  which  is 
used  to  force  heated  or  cooled  air  on  the  test  device  to  maintain  the  temperature  environment  called  for 
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during  electrical  testing.  A  pVAX  workstation  that  has  over  1.2  Gigabytes  of  disk  storage  was  used  to 
store  the  large  amounts  of  test  data  generated  by  the  testing. 


6.0  PRE-BASELINE  CONDUCTED  SUSCEPTIBILITY  TESTING 

6.1  Conducted  Susceptibility  Testing  Approach  and  Rationale 

The  purpose  of  this  test  was  to  ascertain  the  effects  of  conducted  RF  signals  on  the 
performance  of  the  selected  analog  and  digital  devices.  A  breadboard  was  built  to  test  both  the  analog 
and  digital  test  circuits.  No  particular  care  was  taken  in  the  design  of  the  breadboard  to  assure  good 
signal  propagation  across  the  desired  frequency  range.  The  breadboard,  as  such,  was  only  useful  in 
determining  whether  or  not  the  injected  signal  caused  interference,  and  not  for  predicting  interfering 
signal  levels. 

6.2  Digital  Device  Conducted  Susceptibility  Testing 

The  test  for  the  digital  device,  an  74ACT74  flip-flop,  was  set  up  as  shown  in  Figure  6.2-1.  The 
test  used  two  pulse  generators  that  were  synchronized  together  and  connected  to  the  test  fixture.  Figure 
6.2-1  also  shows  the  nominal  signal  timing  diagrams  that  were  used  for  the  test.  The  clock  signal  was 
free  running,  and  the  “D”  signal  was  synchronized  to  the  clock.  The  transition  of  the  output  signal 
occurred  at  the  positive  transition  of  the  clock  as  shown  in  the  diagram.  Since  the  digital  device  would 
not  produce  a  faulty  output  when  the  "high"  level  of  one  of  the  signal  voltages  was  increased  to  the 
maximum  allowed  by  specification,  we  reduced  the  "high"  level  of  the  input  signal  below  its  switching 
threshold  to  cause  a  faulty  output.  We  held  the  amplitude  of  the  “clock”  steady  at  a  nominal  4  volts  and 
reduced  the  "high"  level  voltage  of  the  “D”  signal.  With  no  RF  interference  present,  the  output  of  the 
flip-flop  was  present  when  the  “D”  input  was  1.35  volts  or  higher  for  chip  number  1001.  If  “D”  was 
1.30  volts,  the  output  of  the  op-amp  was  steady  with  the  RF  signal  generator  putting  out  750  MHz  at 
+13  dBm,  but  it  produced  no  output  signal  with  the  RF  off.  With  “D”  at  1.25  volts  the  output  of  the 
flip-flop  was  off  with  or  without  the  RF  signal. 

The  results  of  the  digital  test  are  somewhat  inconclusive,  except  that  the  presence  of  RF  energy 
does  influence  the  output  signal  of  the  “D”  flip-flop.  The  test  voltages  are  in  a  region  that  is  out  of 
specification  for  normal  operation  of  the  device,  so  these  effects  may  not  be  seen  during  normal  device 
operation.  The  output  of  the  RF  signal  generator  is  quite  small,  and  because  of  the  impedance 
mismatches  in  the  circuit  even  less  RF  power  was  actually  delivered  to  the  test  device.  More  RF  energy 
might  have  caused  more  of  an  effect.  The  typical  upset  mode  for  the  D  flip-flops  was  the  generation  of 
a  second  output  pulse  resulting  from  the  test  device  interpreting  RF  noise  on  the  clock  input  as  a  valid 
rising  edge. 
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Figure  6.2-1:  Conducted  Susceptibility  Digital  Test  Setup 
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6.3  Analog  Device  Conducted  Susceptibility  Testing 

The  analog  breadboard  circuit  was  set  up  to  test  one  section  of  the  OP-271  dual  operational 
amplifier.  Figure  6.3-1  shows  the  test  setup  for  the  bias  voltage  test.  This  test  was  set  up  with  the  output 
of  a  precision  potentiometer  connected  to  the  input  of  the  op-amp  and  a  voltmeter  so  the  voltage  could 
be  accurately  measured.  The  input  voltage  was  slowly  increased  and  the  output  of  the  OP-27 1  would  go 
into  oscillation  as  the  input  voltage  approached  the  positive  power  supply  voltage.  The  voltage  at  which 
the  output  of  the  op-amp  went  into  oscillation  was  noted.  The  voltage  was  then  reduced  and  the  voltage 
at  which  the  output  of  the  op  amp  came  out  of  oscillation  was  also  noted.  The  RF  signal  generator  was 
turned  on  with  the  frequency  at  750  MHz  at  its  maximum  output  power  (+13  dBm)  and  the 
measurement  was  repeated.  The  frequency  was  increased  to  2  GHz  and  the  measurements  were  taken 
again.  These  measurements  were  made  using  8  plastic  and  8  ceramic  packaged  devices  in  order  to  get 
some  idea  of  the  range  of  values  that  might  be  expected  for  a  large  population  of  devices.  The  results  of 
this  test  are  shown  in  Figure  6.3-2. 

It  was  found  that  for  a  given  device,  the  device  would  go  into  oscillation  at  a  lower  voltage  in 
the  presence  of  an  interfering  RF  signal  than  with  no  interference.  It  was  also  shown  that  the  devices 
were  more  susceptible  to  interference  at  750  MHz  than  at  2  GHz. 

The  test  setup  was  then  changed  to  that  shown  in  Figure  6.3-3.  A  pulse  generator  was  used  as 
the  signal  source  and  the  voltage  at  which  the  operational  amplifier  went  into  oscillation  was  read  from 
an  oscilloscope.  Although  the  readings  are  not  the  same  as  before  due  to  differences  in  the  measuring 
instruments,  the  trends  are  still  the  same,  with  the  “no  RF’  voltage  being  the  highest,  the  2  GHz  RFI 
next  lowest  (if  any  different  at  all),  and  the  750  MHz  RFI  case  being  the  lowest  and  having  the  most 
effect.  The  results  of  this  test  are  shown  in  tabular  format  in  Figure  6.3-4. 

The  operational  amplifiers  were  then  tested,  using  the  same  test  setup,  to  see  if  the  input  pulse 
frequency  affected  the  susceptibility.  The  results  of  this  test  are  shown  in  both  tabular  and  graphical 
form  in  Figure  6.3-5.  There  appears  to  be  no  conclusive  trend  to  the  data  that  we  can  use  to  predict  the 
effect  of  input  pulse  frequency  on  the  susceptibility  of  the  devices.  The  typical  upset  mode  for  the 
operational  amplifiers  was  for  the  device  output  to  go  into  oscillation  when  the  Vjh  level  of  the  input 
square  wave  combined  with  the  RF  noise  approached  the  +Vcc  power  supply  level. 


7.0  BASELINE  TESTING 

The  purpose  of  baseline  testing  was  to  develop  a  susceptibility  profile  that  could  be  used  to  set 
up  the  test  conditions  for  the  long  term  radiated  device  testing,  and  to  learn  what  we  could  about  the 
performance  of  the  test  devices  in  the  reverberation  chamber  environment.  Baseline  testing  was 
performed  to  determine  instantaneous  upset  level,  and  if  possible,  the  damage  level,  for  the  digital  and 
analog  test  devices  over  the  frequency  range  of  0.7  to  18.0  GHz,  and  also  to  see  if  any  devices  failures 
could  be  caused.  The  upset  levels  have  been  measured  and  are  discussed  in  section  8.1.  The 
recommendations  for  long  term  testing  are  discussed  in  section  7.3. 


65 


Figure  6.3-1:  Conducted  Susceptibility  Analog  Bias  VoltageTest  Setup 
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Figure  6.3-2:  Voltage  Bias  Test  Results 
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Figure  6.3-3:  Conducted  Susceptibility  Analog  Pulse  Generator  Test  Setup 
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Figure  6.3-4:  Pulse  Generator  Test  Results 
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Figure  6.3-5:  Frequency  Dependency  Test 
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As  a  part  of  baseline  testing,  electrical  acceptance  test  procedures  were  developed  and  parts 
were  tested  to  determine  and  record  their  initial  electrical  performance  characteristics.  Each  part  was 
numbered  so  that  changes  in  these  characteristics  could  be  tracked  through  all  the  testing  performed  as 
a  part  of  this  contract.  The  parts  allocated  for  baseline  testing  were  then  inserted  in  the  test  fixtures  and 
baseline  testing  was  performed.  Following  baseline  testing,  the  acceptance  test  procedure  was 
performed  on  each  part  to  determine  if  exposure  to  the  RF  energy  during  baseline  testing  had  any  effect 
on  the  basic  electrical  device  parameters.  A  summary  of  results  of  that  testing  is  given  in  section  7.2. 
No  devices  failed  during  the  baseline  test  and  no  parts  drifted  far  enough  to  indicate  impending  failure. 
However,  a  number  of  parameter  drifts  were  noted  that  might  be  significant  in  the  long  term. 

During  baseline  testing  a  number  of  things  were  discovered.  We  found  that  the  width  of  the  RF 
pulse  needed  to  be  at  or  above  some  minimum  value  before  there  would  be  enough  energy  in  the 
chamber  to  cause  any  devices  to  upset.  This  seems  to  be  much  like  the  relaxation  time  associated  with 
coaxial  cables,  and  seems  to  be  a  function  of  the  volume  of  the  chamber  and  the  RF  power  level.  At  a 
pulse  width  of  200  nano-seconds  we  experienced  very  few  upsets  because  the  RF  pulse  had  ended 
before  the  electrical  field  intensity  in  the  chamber  had  climbed  to  a  value  sufficient  to  cause  more  than 
just  a  few  devices  to  upset.  We  found  that  a  pulse  width  of  1.2  microseconds  was  sufficient  for  the 
electrical  field  intensity  to  reach  a  steady-state  value  and  to  induce  upsets  in  the  population  of  both  the 
analog  and  digital  test  devices. 

The  test  fixture  is  a  multi-layer  printed  wiring  board  with  test  sockets,  connectors,  and  the 
circuit  elements  necessary  to  support  the  specific  test  configuration  of  the  test  devices.  It  was  designed 
so  that  the  top  side  of  the  circuit  board,  which  contains  the  signal  input  and  power  supply  traces,  would 
be  exposed  to  the  EM  field  while  the  back  side  of  the  board,  which  contains  the  output  signal  traces, 
could  be  protected  through  the  use  of  an  aluminum  shielding  panel.  With  the  digital  test  fixture 
configured  as  designed  with  the  input  signal  and  power  traces  exposed  and  the  output  signal  traces 
protected,  and  we  found  that  the  digital  test  devices,  75/54ACT74  flip-flops,  did  exhibit  susceptibility. 
We  were  curious  about  the  effect  of  the  EM  energy  on  the  output  lines,  and  we  found  that  by  removing 
the  shielding  from  the  back  of  the  digital  test  fixtures  and  allowing  the  device  outputs  as  well  as  the 
inputs  to  be  radiated,  a  larger  number  of  upsets  was  experienced  than  with  only  the  front  traces 
exposed.  We  reasoned  that  although  the  input  circuits  are  probably  more  sensitive  than  the  output  drive 
circuits,  most  digital  devices  have  diode  protection  on  their  inputs  but  no  protection  on  the  outputs, 
which  might  explain  why  the  outputs  seem  to  be  more  susceptible.  We  also  found  that  digital  signals 
operating  between  the  upper  "low"  voltage  specification  of  1 .2  volts  and  the  lower  high  specification 
of  2.0  volts  would  cause  the  digital  test  devices  to  upset  with  or  without  the  influence  of  RF  energy,  but 
the  devices  would  not  go  into  upset  at  their  specified  operating  conditions  unless  the  RF  power  level 
was  quite  high. 

The  analog  test  devices  appear  to  be  more  susceptible  to  the  interfering  RF  signal  because  they 
can  be  made  to  upset  in  the  presence  of  a  fairly  low  intensity  RF  signal  while  operating  within  the 
voltage  specification.  However,  if  operated  outside  their  specification  limits,  they  would  upset  at  a 
lower  RF  power  level. 
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With  respect  to  the  reverberation  chamber,  the  chamber  calculations  indicate  that  a  sufficient 
number  of  modes  exist  within  the  chamber  for  it  to  provide  an  adequate  EM  test  environment  at  400 
MHz  and  above.  After  watching  the  testing  and  analyzing  the  test  data,  we  believe  that  the  chamber 
does  provide  an  adequate  EM  test  environment  over  the  frequency  range  covered  by  our  test  equipment, 
which  is  700  MHz  to  18  GHz.  The  mode  stirring  within  the  chamber  coupled  with  the  design  of  the  test 
fixtures  appears  to  cause  the  test  device  upsets  to  be  random  without  regard  to  the  device  number  or  the 
location  of  the  device  within  the  test  fixture.  Thus  it  appears  that  adequate  mode  stirring  is  occurring  in 
the  chamber  and  that  only  a  statistical  correlation  of  the  device  upsets  within  chamber  is  possible. 

7.1  Baseline  RF  Radiated  Susceptibility  Testing  Approach 

Our  initial  test  plan  called  for  the  design  of  baseline  test  fixtures  that  would  hold  a  few  test 
devices,  whereas  the  long-term  test  fixtures  were  designed  to  hold  100  test  devices  each.  We  realized 
that  the  test  fixture,  test  cables,  test  stands  and  the  powered-up  test  devices  might  influence  the  fields 
inside  the  chamber  and  have  an  effect  on  the  instantaneous  upset  level  of  the  test  devices.  Since  this 
seemed  quite  likely,  we  changed  our  baseline  test  philosophy  and  the  baseline  RF  test  was  performed 
using  the  long-term  test  fixtures  configured  as  they  would  be  during  long-term  testing.  This  will  ensure 
that  the  susceptibility  profiles  developed  in  baseline  tests  will  be  valid  for  long-term  testing. 

The  baseline  test  was  performed  by  subjecting  3  test  lots  of  analog  parts  and  one  test  lot  of 
digital  test  devices  to  an  EM  environment  for  one  or  more  30-day  test  periods.  The  test  devices  were 
supplied  with  DC  power  and  test  signals  during  the  RF  susceptibility  testing. 

7.2  Baseline  RF  Radiated  Susceptibility  Test  Setup 

Testing  was  performed  in  the  mode-stirred  reverberation  chamber  using  the  test  fixtures 
described  in  section  9.  Since  two  fixtures  will  be  in  the  chamber  during  long-term  testing,  two  fixtures, 
each  containing  100  devices,  were  also  used  during  baseline  testing.  Either  one  digital  test  fixture  and 
one  analog  test  fixture  or  two  analog  test  fixtures  were  in  the  chamber  during  baseline  testing,  with  both 
test  fixtures  powered  up  but  only  one  being  tested  at  a  time.  The  fixtures  were  placed  on  nonconductive 
stands  in  the  chamber  as  shown  in  Figure  7.2-1.  The  fixtures  were  in  a  vertical  position  and  were  facing 
each  other  at  approximately  a  35-degree  angle  from  the  side  chamber  wall.  The  fixtures  were  positioned 
so  that  they  were  16  inches  from  the  chamber  walls,  8  inches  from  the  long  wire  antenna,  31  inches 
from  the  floor,  16  inches  below  the  stirring  paddle,  and  12  inches  from  each  other.  Each  test  fixture  also 
has  4  output  connectors,  1  power  input  connector,  and  2  coaxial  input  connectors.  Shielded  test  cables 
were  attached  to  these  connectors  and  routed  to  mating  connectors  on  the  access  panel  at  the  rear  of  the 
chamber.  The  source  of  the  RF  energy  inside  the  chamber  is  a  terminated  long-wire  antenna  mounted 
to  the  walls  of  the  chamber. 

The  test  stimulus  and  monitoring  system,  power  supplies,  and  RF  power  system  are  located 
outside  the  chamber.  The  test  stimulus  and  monitoring  system  is  described  in  section  12  and  the  RF 
power  system  was  described  in  section  10. 
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7.3  Baseline  Functionality  Test  Procedure 

Because  it  is  important  to  know  whether  the  test  devices  are  functional  when  exposed  to  RF 
power  the  test  stimulus  and  monitoring  system  was  used  for  baseline  testing.  Although  it  would  be 
desirable  to  have  the  results  of  a  complete  electrical  test  every  second,  that  is  not  possible,  especially 
for  200  devices  at  a  time.  A  complete  electrical  test  would  require  the  use  of  a  sophisticated  automated 
tester,  which  typically  tests  only  one  device  at  a  time.  But  in  order  to  provide  at  least  a  “go/no-go” 
evaluation  of  every  test  device  on  a  real  time  basis,  a  basic  functional  test,  which  gives  the  same  results 
for  both  the  analog  and  digital  parts,  was  created.  The  long-term  analog  and  digital  test  fixtures  were 
designed  to  accommodate  this  test.  The  analog  test  circuit  is  shown  in  Figure  7.3-1  and  the  schematic 
diagram  of  the  test  circuit  as  implemented  on  the  analog  test  fixture  is  shown  in  Figure  7.3-2.  The 
digital  test  circuit  is  shown  in  Figure  7.3-3  and  the  schematic  diagram  of  the  test  circuit  as  implemented 
on  the  digital  test  fixture  is  shown  in  Figure  7.3-4.  The  74/54ACT74  flip-flop  requires  two  test  signals, 
a  Clock”  signal  and  a  ”D”  signal.  The  computer  commands  the  dual  pulse  generators  to  send  two  clock 
pulses  and  one  “D”  signal  pulse  to  the  test  devices.  The  “D”  signal  is  synchronized  with  the  clock  such 
that  “D”  is  high  on  the  rising  edge  of  the  first  clock  pulse  and  low  with  the  rising  edge  of  the  second 
clock.  This  results  in  the  Q  output  of  the  flip-flop  toggling  once  between  logic  1  and  logic  0  (which 
produces  a  positive  pulse).  The  computer  also  conditions  the  monitor  circuit  to  look  for  this  pair  of 
transitions  in  each  of  the  100  devices  on  the  test  board  it  is  monitoring.  After  each  pulse  the  computer 
queries  the  monitor  board  and  the  monitor  board  outputs  to  the  computer  the  sequence  number  of  the 
devices  that  have  failed.  The  parallel  port  of  the  computer  is  wired  such  that  it  is  connected  to  both 
monitor  boards  and  reads  the  status  from  both  boards  after  each  pulse  and  then  once  each  second  it 
stores  this  data  in  a  data  file  on  the  PC's  hard  drive. 

In  order  to  test  the  OP-271  operational  amplifier,  the  analog  test  board  is  wired  as  a  unity  gain 
amplifier  for  each  of  the  100  test  parts,  and  it  requires  only  a  single  0  to  4  volt  pulse  from  the  pulse 
generator  in  order  for  each  test  device  to  produce  an  output.  The  output  from  the  OP-271  is  identical  to 
that  from  the  ACT74,  except  that  the  op-amp  has  a  much  slower  slew  rate,  so  the  edges  of  the  square 
wave  output  are  more  obvious.  However,  to  the  monitor  circuit,  the  signal  looks  the  same,  and  it  will 
flag  and  report  a  faulty  op-amp  output  just  like  it  does  for  the  flip-flop.  The  entire  process  is  automated 
which  allows  the  PC  to  continuously  test,  check  and  record  the  functionality  of  each  test  device  in  the 
chamber. 

The  test  devices  in  the  chamber  were  driven  with  the  pulse  generators  programmed  to  provide 
input  stimulus  at  a  2  KHz  rate.  However  the  test  rate  for  an  entire  "test-check-record"  cycle  is  much 
slower  due  to  the  time  needed  to  retrieve  data  via  the  parallel  port  when  a  device  has  been  flagged  as  a 
failure  (it  seems  to  average  about  10  to  13  cycles  per  second).  This  test  will  allow  us  to  determine 
whether  a  device  is  capable  of  functioning.  The  same  method  was  used  for  both  baseline  and  long-term 
testing. 

7.4  Baseline  RF  Radiated  Susceptibility  Testing 

It  was  proposed  to  carry  out  RF  radiated  susceptibility  testing  in  two  parts;  1)  to  determine  the 
instantaneous  upset  levels  of  the  devices  across  the  500  MHz  to  18.0  GHz  range,  and  2)  to  use  higher 
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Figure  7.3-2:  Circuit  Diagram  (1  of  100)  as  Implemented  on  Analog  Test  Fixture 
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Figure  7.3-3:  Digital  Device  (54/74ACT74)  Test  Circuit 


Figure  7.3-4:  Circuit  Diagram  (1  of  100)  as  Implemented  on  Digital  Test  Fixture 
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RF  power  levels  in  an  attempt  to  cause  bum-out  of  devices.  While  doing  some  preliminary  testing,  we 
discovered  that  in  most  cases,  the  maximum  RF  power  available  was  just  barely  enough  to  force  a 
sufficient  population  of  the  test  devices  into  an  upset  condition.  Most  test  conditions  that  were  used  to 
determine  instantaneous  upset  levels  included  the  use  of  maximum  RF  power.  It  did  not  appear  that  we 
caused  any  of  the  devices  to  bum  out  during  baseline  testing,  so  the  second  part  of  the  proposed  test 
was  not  accomplished.  The  baseline  testing  proceeded  as  follows:  The  mode  stirred  reverberation 
chamber  was  set  up  as  shown  in  Figure  6.2-1.  One  digital  test  fixture  populated  with  50  CD54ACT74F 
(ceramic)  and  50  CD74ACT74E  (plastic)  flip-flops,  and  one  analog  test  fixture  populated  with  50 
OP271FZ  (ceramic)  and  50  OP271GP  (plastic)  operational  amplifiers,  were  placed  in  the  stirred  mode 
chamber  and  connected  to  the  test  instrumentation  via  test  cables.  These  parts  had  passed  functional  test 
before  being  inserted  into  the  test  fixtures.  The  test  conditions  were  as  follows:  The  paddle  was  set  to 
turn  at  1  RPM  and  the  Vcc  supplied  to  the  digital  test  parts  was  5.0  V.  While  testing  digital  parts,  the 
analog  parts  in  the  chamber  were  supplied  with  +5.0  V  and  -5.0  V,  but  no  input  signal.  While  testing 
analog  parts,  the  analog  power  supply  voltages  were  +7.5  V  and  -7.5  V,  and  the  digital  parts  in  the 
chamber  were  supplied  with  5.0V  but  no  input  signal.  The  monitor  circuit  voltage  was  4.3  V .  The  clock 
pulse  was  0  V  to  4  V,  and  the  “D”  signal  pulse  was  1.14  V  to  4  V.  Each  test  segment  was  nominally 
one  minute  in  length  which  allowed  the  stirring  paddle  to  make  one  complete  revolution. 

7.4.1  Baseline  Digital  Testing 

The  digital  baseline  testing  was  performed  on  100  parts  in  the  digital  test  fixture.  The  EMI 
shielding  was  removed  from  the  digital  test  fixtures  because  the  test  devices  were  more  sensitive  to  RF 
with  both  the  inputs,  the  power  lines,  and  the  outputs  exposed  to  the  RF  energy  in  the  chamber.  The 
removal  of  the  shielding  did  not  appear  to  have  any  adverse  effect  on  the  monitoring  circuits.  The  test 
conditions  were  as  follows:  Vcc  supplied  to  the  test  parts  was  5.0  volts  and  the  clock  pulse  was  0  V  to  3 
V.  The  high  level  of  the  “D”  signal  pulse  (VD  high)  was  4.0  V  and  the  low  level  (VD  low)  of  the  “D” 
signal  was  varied  from  0  V  to  approximately  1.2  V  during  the  testing.  The  stirring  paddle  in  the 
chamber  was  turned  at  1  rpm  and  the  test  stimulus  and  data  acquisition  system  recorded  the  test  data. 
Each  test  was  nominally  one  minute  in  length,  and  during  that  time  60  test  samples  were  collected.  The 
voltage  specification  for  both  the  "D"  and  clock  signals  is  0  to  0.8  V  for  the  “low’  and  2.0  V  to  Vcc  for 
the  “high”  part  of  the  signal. 

The  first  digital  baseline  test  performed  was  to  vary  the  pulse  width  and  period  and  hold  the 
rest  of  test  conditions  fixed,  with  Vd  low  just  below  the  upset  threshold.  First  we  found  the  threshold 
voltage  for  VD  low  by  increasing  the  voltage  on  the  pulse  generator  in  0.01  volt  steps  until  the  test 
devices  began  to  upset.  We  discovered  that  the  threshold  is  approximately  1.14  V  to  1.15  V.  We  set  VD 
low  to  just  below  the  threshold  where  device  upsets  would  occur.  During  this  testing  we  found  that  the 
pulse  power  amplifier  could  be  run  at  1000  Watts  output  power  and  0.2%  duty  factor  for  short  pulses, 
but  when  the  pulses  were  lengthened  the  duty  factor  had  to  be  reduced  0.1%  to  ensure  stability  of  the 
amplifier.  At  the  given  test  conditions,  we  did  not  observe  any  upsets  when  no  RF  was  applied  to  the 
test  chamber.  Figure  7.4. 1-1  shows  the  summary  test  results  of  a  digital  test  when  the  pulse  width  and 
pulse  period  are  varied.  Figure  7.4. 1-2  shows  the  complete  data  for  that  test.  From  the  complete  test 
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Figure  7.4. 1-1:  Summary  of  Pulse  Width  and  Period  Baseline  Tests 
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data  we  extracted  the  number  of  periods  in  which  one  or  more  upsets  occurred,  the  total  number  of 
upsets  recorded  during  the  test,  the  average  number  of  upsets  per  period,  and  the  highest  number  of 
upsets  in  any  period  during  the  test.  This  test  verifies  that  short  pulses  (in  the  range  of  200  ns)  would 
not  allow  the  energy  in  the  chamber  to  reach  a  steady-state  value  high  enough  to  cause  any  device 
upsets.  As  can  be  seen,  the  number  of  upsets  increase  dramatically  as  the  pulse  width  is  increased  from 
200  ns  to  1200  ns.  The  combination  of  period  and  pulse  width  that  seems  to  cause  the  highest  number 
of  upsets,  and  still  be  within  the  operational  limitations  of  the  pulse  amplifier,  is  a  1.5  ms  period  with  a 
1.2  fis  pulse  width.  We  feel  that  the  test  conditions  are  adequate  because  each  one  of  the  devices  on  the 
digital  test  board  was  upset  at  least  once  during  the  test  period.  The  fact  that  the  number  of  upsets 
ranged  between  0  and  100  over  one  paddle  rotation  verified  that  the  test  fixture,  the  test  stimulus  and 
monitor  system,  and  the  reverberation  chamber  were  working  as  they  should.  This  testing  established 
that  a  pulse  width  of  1.2  microseconds  and  a  pulse  period  of  1.5  milliseconds  was  the  highest  pulse 
width  and  duty  factor  that  could  be  produced  by  the  pulse  power  amplifier  at  full  output  power  in  the 
700  MHz  to  2  GHz  frequency  range.  The  1.2  microsecond  pulse  also  seemed  to  be  the  most  effective 
pulse  width  in  terms  of  causing  a  maximum  number  of  upsets.  This  testing  also  established  that  900 
MHz  is  the  most  effective  frequency  in  that  frequency  band  for  causing  digital  device  upset. 

The  next  testing  was  performed  to  determine  the  frequency  sensitivity  of  the  test  fixtures  and 
test  parts.  The  test  conditions  were:  RF  power  was  1000  W,  VD  low  was  1.14  V,  and  all  other  test 
conditions  were  the  same.  A  number  of  discrete  frequencies  between  700  MHz  and  2  GHz  were  tested. 
The  complete  test  results  are  shown  in  Figure  7.4. 1-3.  New  plug-ins  were  inserted  into  the  pulse  power 
amplifier  and  testing  was  continued  from  2  GHz  to  1 8  GHz.  The  susceptibility  of  the  test  devices  and/or 
the  coupling  effectiveness  of  the  test  fixture  fall  off  rapidly  above  2  GHz.  The  power  output  of  the 
plug-ins  which  operate  from  2  to  4  GHz  and  from  8  to  18  GHz  is  less  than  1000  W.  This  test  equipment 
anomaly  did  not  allow  us  to  look  at  device  susceptibility  between  2  and  4  GHz  where  we  might  have 
seen  some  device  upsets.  But  the  sensitivity  of  the  test  devices  was  dropping  off  significantly  around  2 
GHz  with  the  1000  Watts  of  RF  that  was  produced  by  the  0.7  GHz  to  2  GHz  plug-in.  No  upsets  were 
detected  between  4  and  8  GHz  at  the  1000  Watts  RF  power  level,  so  the  device  sensitivity  to  RF  above 
2  GHz  seems  to  be  rapidly  diminishing.  Testing  was  performed  on  both  analog  and  digital  test  devices 
from  2  to  18  GHz,  and  a  summary  of  all  the  frequency  sensitivity  testing  is  shown  in  Figure  7.4. 1-4. 
Although  frequency  sweep  testing  between  700  MHz  and  2  GHz  was  done  only  with  digital  test 
devices,  we  feel  the  analog  test  devices  would  react  about  the  same  because  of  their  similar 
performance  below  2  GHz.  The  test  conditions  for  the  analog  devices  are  listed  in  the  analog  test 
section. 

For  the  next  test  the  RF  power  was  set  to  1000  Watts  at  900  MHz  with  a  1.2  |4s  RF  pulse  width 
and  VD  low  was  varied.  We  were  able  to  reduce  VD  low  to  0  V  and  still  have  a  significant  number  of 
upsets.  The  complete  test  data  is  shown  in  Figures  7.4.1 -5a  and  7.4.1 -5b. 

Next  we  returned  VD  low  back  to  1.14  V,  reduced  the  RF  power  3  dB  to  500  W  peak  and  varied 
VD  low.  At  1.14  V  upsets  occurred  during  23  out  of  60  periods,  at  1.13  V  upsets  occurred  during  5 
periods.  When  we  reduced  VD  low  to  1.12  V  there  were  no  upsets.  These  results  are  shown  in  Figure 
7.4. 1-6. 
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Figure  7.4. 1 -3:  Digital  Baseline  Discrete  Frequency  Test 
79 


Peak  RF  Power 

(GHz) 

(Watts) 

0.70 

1000 

0.70 

1000 

0.80 

1000 

0.90 

1000 

0.90 

1000 

1.00 

1000 

1.10 

1000 

1.20 

1000 

1.30 

1000 

1.40 

1000 

1.50 

1000 

1.60 

1000 

1.70 

1000 

1.80 

1000 

1.90 

1000 

2.00 

1000 

2.00 

350 

2.00 

350 

3.00 

325 

3.00 

325 

3.35 

290 

3.35 

290 

4.00 

1000 

4.00 

1000 

6.00 

1000 

6.00 

1000 

8.00 

1000 

8.00 

1000 

8.00 

150 

8.00 

150 

12.00 

260 

12.00 

260 

15.00 

120 

15.00 

120 

17.00 

40 

18.00 

20 

18.00 

20 

Analo 


Analo 


Analo 


Analo 


Analo 


Analo 


Analo 


Analo 


Analo 


Analo 


Number  of  Upsets 

Average 

Maximum 

Minimum 

11.18 

73 

0 

11.75 

75 

0 

14.63 

100 

0 

45.33 

87 

0 

44.32 

93 

0 

27.18 

86 

0 

20.43 

85 

0 

19.37 

100 

0 

12.30 

71 

0 

Hi 

14.22 

89 

0 

H 

11.57 

83 

0 

8.30 

82 

0 

15.83 

86 

0 

6.92 

87 

0 

5.22 

86 

0 

8.70 

85 

0 

□ 

0.40 

2 

0 

■1 

0.45 

21 

0 

□ 

0.00 

0 

0 

■1 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

Figure  7.4. 1-4:  Frequency  Sensitivity  Baseline  Test  Data 
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Figure  7.4.1 -5b:  Baseline  Test  -  Vary  Vd  Low,  Continued 
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Figure  7.4.1 -6:  Baseline  Testing  at  500  Watts  RF  Power 
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The  next  test  varied  the  RF  power  and  held  VD  low  constant  at  1.14  V.  The  results  are  shown 
in  Figure  7.4. 1-7. 

Figure  7.4. 1-8  is  a  composite  of  Figures  7.4. 1-5,  7.6. 1-6,  and  7.4. 1-7,  and  it  gives  a  summary  of 
the  variations  of  RF  power  and  VD  low,  which  is  essentially  a  summary  of  the  digital  baseline  testing  at 
900  MHz.  The  results  of  these  digital  baseline  tests  show  that  the  digital  parts  are  susceptible  to  RF 
energy  even  when  the  devices  are  operated  within  their  normal  specification  limits,  although  it  requires 
maximum  RF  power  to  do  it.  At  VD  low  =  0.8  V,  the  upper  specification  level  for  that  signal,  and  1000 
W  RF  power,  over  60%  of  the  devices  were  upset  during  one  of  the  test  periods.  We  have  found  test 
conditions  where  a  3  dB  decrease  in  RF  power  makes  the  difference  between  most  of  the  devices  being 
upset  at  some  paddle  positions  and  no  upsets.  We  suspect  that  there  may  be  an  RF  effect  on  the  parts 
even  with  no  upsets,  but  this  supposition  was  not  tested  during  the  long  term  tests  because  we  were 
testing  at  fairly  high  levels  of  RF  power,  and  even  in  those  tests  the  effects  of  the  RF  energy  were  not 
easy  to  see. 

One  final  series  of  tests  was  performed  on  the  digital  test  devices  to  correlate  the  mean  upset 
level  with  the  mean  E-field  strength  in  volts  per  meter  inside  the  stirred  mode  chamber  for  a  number  of 
different  test  conditions.  The  test  chamber  was  set  up  with  one  digital  test  board  containing  100  parts 
and  one  analog  test  board  containing  100  parts  in  the  two  test  fixture  locations.  The  RF  test  equipment 
was  set  up  as  shown  in  Figure  7.4. 1-9.  A  log  spiral  receive  antenna  was  set  up  on  a  tripod  in  the 
approximate  geometric  center  of  the  chamber  and  was  connected  to  a  pulsed  RF  power  meter  through 
an  attenuator.  An  EMCO  P.N.  3101  antenna  was  used  below  1  GHz  and  an  EMCO  P.N.  3102  antenna 
was  used  between  1  and  2  GHz.  An  RF  pulsed  signal  with  a  1.2  microsecond  pulse  width  and  1.5 
millisecond  period  was  generated  by  the  RF  test  equipment  The  number  of  upsets  was  logged 
automatically  by  the  data  acquisition  system,  but  the  RF  power  picked  up  by  the  antenna  had  to  be  read 
manually  from  the  peak  RF  power  meter’s  CRT  display.  The  stirrer  in  the  test  chamber  was  set  to  rotate 
at  1/15  rpm,  and  power  readings  were  taken  every  5  seconds  for  15  minutes,  which  gave  us  181  data 
points,  or  one  for  every  2  degrees  of  paddle  rotation.  The  RF  power  data  was  added  manually  to  the 
table  of  upset  data  created  by  the  data  acquisition  system.  The  maximum,  minimum,  average,  and  mean 
values  were  found  for  the  number  of  upsets  and  the  RF  power  level.  The  E  field  strength  was  calculated 
from  the  RF  power  level  from  the  formula:  P  =  E2/Z,  where  Z  is  50  ohms,  and  P,  the  power  measured 
by  the  pulsed  power  meter,  was  increased  by  the  gain  of  the  antenna  and  the  amount  of  in-line 
attenuation.  Testing  was  done  at  900  and  1700  MHz  at  power  levels  of  1000,  500,  250,  125,  and  63 
watts.  The  digital  “clock”  and  “D”  input  signals  were  both  set  at  0.8  to  2.0  Volts,  which  is  at  the  limits 
allowed  by  the  manufacturer’s  specification.  The  supply  voltage  for  the  test  devices  was  5.0  volts,  and 
the  data  acquisition  system  voltage  was  4.3  volts.  Following  the  tests,  the  data  was  processed  to  find  the 
maximum,  minimum,  average,  and  mean  E-field  strength  and  number  of  upsets.  The  total  number  of 
devices  upset  during  the  complete  paddle  rotation  is  also  recorded.  The  summary  of  the  E-field  strength 
versus  digital  device  upset  rate  is  shown  in  Figure  7.4.1-10.  The  test  data  from  which  these  summaries 
were  taken  is  shown  in  appendix  D  and  appendix  E.  appendix  D  shows  the  number  of  upsets  and  RF 
power  measured  at  the  log  spiral  antenna  and  the  calculated  electric  field  intensity  for  all  181  test 
samples  for  the  indicated  test  conditions,  appendix  E  contains  the  data  files  that  are  captured  by  the 
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Figure  7.4. 1-7:  Baseline  Test  with  Varied  RF  Power 
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Figure  7.4. 1-8:  Summary  of  Digital  Baseline  Testing 
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Figure  7.4. 1-9:  RF  Test  Equipment  Setup  for  E-Field  Strength  Measurement 
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Note:  Quiescent  test  conditions  -  0  devices  upset 

Note  A:  There  were  71  devices  with  5  or  more  upsets,  29  devices  with  1 , 2,  or  3  upsets 
Note  B:  There  were  22  devices  with  14  or  more  upsets,  78  devices  with  exactly  2  upsets 
Note  C:  There  were  1 9  devices  with  6  or  more  upsets,  81  devices  with  1 , 2,  or  3  upsets 


Figure  7.4.1-10:  Summary  of  E-Field  Strength  vs.  Digital  Upset  Data 
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data  acquisition  program  for  each  test  run,  which  totals  the  number  of  times  a  test  device  was  upset 
during  each  particular  test. 

7.4.2  Baseline  Analog  Testing 

During  our  initial  analog  baseline  testing  the  analog  test  devices  likewise  showed  very  little 
susceptibility  to  the  RF  energy.  The  op-amp  manufacturer  recommends  that  the  input  signal  be  at  least 
2.5  volts  below  the  positive  power  supply  voltage,  and  we  were  operating  with  only  1.0  to  2.0  volts 
difference  in  order  to  induce  upsets.  We  also  found  that  there  was  an  oscillation  signal  of  almost  1  volt 
peak  to  peak  present  at  the  input  to  the  monitor  board,  which  made  it  difficult  to  determine  upset  levels. 
The  problem  was  due  to  feedback  from  the  output  signal  wires.  Placing  a  200  ohm  load  resistor  on  each 
of  the  output  signal  lines  caused  the  oscillation  to  disappear.  A  set  of  adapters,  which  load  the  outputs 
of  the  analog  test  devices,  were  fabricated.  They  do  not  appear  to  have  any  negative  effect  on  the 
devices  because  the  current  into  these  loads  is  within  the  manufacturer's  specification. 

The  analog  baseline  testing  was  performed  on  200  parts  in  two  analog  test  fixtures  in  the 
reverberation  chamber.  The  test  conditions  were  as  follows:  VCc  was  +7.5  V,  VEE  was  -7.5  V,  the 
monitor  board  power  supply  voltage  was  4.3  V,  and  voltage  of  the  buffer,  which  supplies  the  signal  to 
the  operational  amplifiers,  was  varied  from  +4.0  V  to  +7.0  V.  The  stirring  paddle  in  the  chamber  was 
turned  at  1  rpm  and  the  data  acquisition  system  recorded  the  test  results.  The  pulse  power  amplifier  was 
set  at  900  MHz  with  a  pulse  width  of  1.2  microseconds  and  a  pulse  period  of  1.5  milliseconds.  Each  test 
was  nominally  one  minute  in  length,  and  during  that  time  60  test  samples  were  collected.  The  summary 
results  of  the  analog  baseline  tests  are  shown  in  Figures  7.4.2- 1  and  7.4.2-2.  The  same  data  is  presented 
in  both  figures,  but  Figure  7.4.2-1  is  sorted  by  buffer  voltage  and  Figure  7 .4.2-2  is  sorted  by  RF  power, 
appendix  F  contains  the  complete  test  data  from  which  the  summary  data  was  generated. 

Testing  was  performed  using  both  an  EMI  protected  test  fixture  and  a  bare  fixture,  or  one  with 
the  EMI  protection  removed.  The  results  of  this  testing  is  shown  in  Figure  7.4.2-3a  and  7.4.2-3b.  The 
bare  test  fixture  is  a  little  more  sensitive  than  the  EMI  protected  fixture,  as  you  would  expect.  The 
manufacturer  specifies  that  the  input  signal  to  the  op-amp  should  be  2.5  volts  less  than  both  the  positive 
and  negative  power  supply  voltages,  which  would  be  5  volts  maximum.  An  input  voltage  (buffer 
voltage)  of  5  volts  appears  to  be  a  good  test  condition  for  the  long  term  test  because  the  number  of 
upsets  is  pretty  linear  when  the  buffer  voltage  is  varied  between  4.5  and  6.5  volts  and  a  low  RF  power 
will  produce  the  test  conditions  required  for  long  term  testing. 

One  final  analog  test  was  performed  to  determine  if  the  device  upsets  we  observed  during 
testing  were  more  a  result  of  device  sensitivity  or  test  fixture  location  sensitivity.  To  test  this 
supposition,  we  removed  the  test  devices  from  the  “bare  board”  analog  test  fixture  and  moved  (rotated) 
them  half  way  around  the  test  fixture  and  then  re-ran  several  of  the  tests.  For  example,  in  the  “rotated” 
test,  device  number  3101  becomes  device  number  4101,  etc.  The  tests  were  performed  at  800  and  1400 
MHz  at  1000  watts  and  500  watts  of  RF  power.  The  raw  data  from  these  tests  was  processed  to  sum  the 
number  of  device  upsets  were  observed  for  each  one  second  test  cycle.  The  results  of  this  test  are 
shown  in  Figures  7.4.2-3a  and  7.4.2-3b.  Like  the  digital  data,  the  analog  test  data  revealed  no 
correlation  between  either  device  number  or  test  fixture  location,  which  indicates  that  modes  are  being 
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Figure  7.4.2- 1:  Summary  of  Analog  Baseline  Testing  -  Sort  by  Vbuff 
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Figure  7.4.2-2:  Summary  of  Analog  Baseline  Testing  -  Sort  by  RF  Power 
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Figure  7.4.2-3a:  Comparison  Testing  of  Bare  Fixture  vs  EMI  Protected  Fixture 
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Figure  7.4.2-3b:  Comparison  Testing  of  Bare  Fixture  vs  EMI  Protected  Fixture 
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stirred  within  the  chamber  and  that  only  a  statistical  correlation  of  the  chamber  is  valid. 

A  one  hour  long  analog  test  was  also  performed  to  look  at  conditions  in  the  reverberation 
chamber.  The  test  conditions  were  as  follows:  Paddle  speed  was  1/4  rpm,  power  supply  voltages  were 
+/-  7.5  V,  monitor  voltage  was  4.3  V,  buffer  voltage  was  5.0  V,  and  the  RF  power  was  250  Watts  at  900 
MHz.  Upsets  were  logged  at  the  rate  of  1  per  second  throughout  the  test,  so  a  lot  of  data  was  taken.  The 
data  was  divided  into  15  -  240  second  blocks,  each  of  which  represented  one  paddle  rotation.  All  15 
sets  of  data  were  plotted  on  the  same  graph,  which  is  shown  in  Figure  7 .4.2-4.  The  data  shows  that  the 
number  of  upsets,  which  is  a  measure  of  the  RF  power  intensity  at  the  test  fixture,  varies  quite  a  bit 
across  a  complete  paddle  rotation,  but  that  it  is  very  consistent  from  one  rotation  of  the  paddle  to  the 
next.  This  data  indicates  that  adequate  stirring  is  taking  place  in  the  reverberation  chamber. 

A  series  of  tests  were  performed  on  the  analog  test  devices  to  correlate  the  mean  upset  level 
with  the  mean  E-field  strength  in  volts  per  meter  inside  the  stirred  mode  chamber  for  a  number  of 
different  test  conditions.  The  tests  were  set  up  like  that  described  at  the  end  of  section  7.4-1  for  the 
digital  devices.  Testing  of  the  analog  devices  was  done  at  800  and  1400  MHz  at  power  levels  of  1000, 
500,  250,  125,  and  63  watts.  The  power  supply  voltages  for  the  analog  test  devices  were  +/-  7.5  volts, 
the  buffer  voltage  was  5.0  volts,  and  the  monitor  board  voltage  was  4.3  volts.  The  summary  of  the  E- 
field  strength  vs.  analog  upset  data  is  shown  in  Figure  7.4.2-5.  The  test  data  from  which  these 
summaries  were  taken  is  shown  in  appendix  G  and  appendix  H.  Appendix  G  shows  the  number  of 
upsets  and  RF  power  measured  at  the  log  spiral  antenna  and  the  electric  field  intensity  for  all  181  test 
samples  for  the  indicated  test  conditions.  The  data  files  that  are  captured  by  the  data  acquisition 
program  for  each  test  run  are  shown  in  appendix  H.  These  data  files  show  the  number  of  times  a  test 
device  was  upset  and  the  total  number  of  devices  being  upset  during  each  test. 


8.0  RELIABILITY  TESTING 


8.1  Reliability  Testing  Approach 

The  purpose  of  reliability  testing  was  to  assess  the  long  term  effects  of  electromagnetic 
radiation.  This  was  done  by  subjecting  the  test  devices  to  an  electromagnetic  (EM)  environment  over  a 
frequency  range  of  700  MHz  to  18  GHz,  under  a  variety  of  test  situations  through  a  series  of  one-month 
tests,  to  determine  if  the  effects  of  long-term  exposure  to  EM  energy  could  be  found,  isolated,  and 
quantified.  Most  of  the  tests  utilized  a  fixed  frequency  pulsed  RF  source,  but  the  last  test  utilized  a 
swept  frequency  RF  source.  Several  of  the  tests  were  performed  at  85  degrees  C.  to  determine  the  parts 
response  to  the  EM  environment  at  elevated  temperature.  The  test  schedule  along  with  test  frequency 
and  peak  R  power  is  shown  in  Figure  8.1-1.  Another  version  of  the  test  schedule  that  shows  the  location 
of  the  test  parts  on  the  test  fixtures  is  shown  in  Figure  8.1-2.  A  table  showing  the  serial  numbers  that 
comprise  the  test  lots  is  shown  in  Figure  8.1-3.  Baseline  testing  was  performed,  as  described  in  section 
7.0,  prior  to  the  start  of  reliability  testing  to  determine  the  frequencies  at  which  the  analog  devices 
should  be  tested,  and  to  determine  the  approximate  response  of  the  test  devices  to  different  RF  power 
levels.  Based  on  experience  gained  during  baseline  testing  a  series  of  short  pre-tests  would  be 
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Upsets  per  test  period 


Figure  7.4.2-4:  Upsets  as  a  Function  of  Paddle  Position  (15  Rotations) 
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Figure  7.4.2-5:  Summary  of  E-field  Strength  vs.  Analog  Uupset  Data 
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Notes:  1 .  50  parts  each  (25  plastic,  25  ceramic)  from  test  lots  an3  and  an6. 
2.  50  parts  each  (25  plastic,  25  ceramic)  from  test  lots  dg3  and  dg6. 


Figure  8.1-1:  Schedule  of  Radiated  Tests 


97 


Test 

Test 

Period 

Number 

Baseline 

Baseline 

1 

1 

2 

3 

3 

2 

Test 

Test 

Period 

Number 

6 

D_ref 

6 

A_ref 

Test  I  Test 


EM  chamber  test  position  1  (East)  |  |  EM  chamber  test  position  2  (West) 


Lot# 

Board 

1  to  50 

51  + 

1 A 

A2 

Plastic 

Ceramic 

1A 

A2 

Ceramic 

Plastic 

4A 

A2 

Plastic 

Ceramic 

3A 

A2 

Plastic 

Ceramic 

6A 

A2 

Ceramic 

Plastic 

3A 

A2 

Ceramic 

Plastic 

4D 

D2 

Ceramic 

Plastic 

3D 

D2 

Ceramic 

Plastic 

6D 

D2 

Plastic 

Ceramic 

3D 

D2 

Plastic 

Ceramic 

1 1 A 

A2 

Ceramic 

Plastic 

10A 

A2 

Plastic 

Ceramic 

13A 

A2 

Ceramic 

Plastic 

note  1 

A2 

mixed 

mixed 

Test  bench 


Serial  numbers 

Lot  # 

Board 

1  to  50 

51  + 

2D 

D3 

Plastic 

Ceramic 

8A 

A2 

Plastic 

Ceramic 

Thermal  chamber  position  1  (East) 


Lot# 


2A 


ID 


3A 


5A 


3A 


7A 


3D 


5D 


3D 


7D 


10A 


12A 


8D 


note  2 


Package  Type 

1  to  50 

51  + 

Plastic 

Ceramic 

Plastic 

Ceramic 

Ceramic 

Plastic 

Ceramic 

Plastic 

Plastic 

Ceramic 

Plastic 

Ceramic 

Plastic 

Ceramic 

Plastic 

Ceramic 

Ceramic 

Plastic 

Ceramic 

Plastic 

Plastic 

Ceramic 

Ceramic 

Plastic 

Plastic 

Ceramic 

mixed 

mixed 

Period 

Number 

Lot# 

Board 

1  to  50 

51  + 

7 

9a 

9A 

A1 

Plastic 

Ceramic 

8 

9b 

10A 

A1 

Ceramic 

Plastic 

10 

9c 

9A 

A1 

Ceramic 

Plastic 

Package  Type 

Lot# 

Board 

1  to  50 

51  + 

10A 

A3 

Ceramic 

Plastic 

9A 

A3 

Plastic 

Ceramic 
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2.  50  parts  each  (25  plastic,  25  ceramic)  from  test  lots  3D  and  6D. 


Figure  8.1-2:  Test  Schedule  Showing  Test  Lot  Data 
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Figure  8.1-3:  Lot  Number  versus  Serial  Number  for  Test  Parts 
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performed  at  the  start  of  each  test  to  determine  the  RF  power  to  be  used  during  that  test.  This  process 
was  somewhat  iterative  since  it  calls  for  finding  the  power  level  at  which  approximately  50%  of  the 
population  of  test  devices  would  be  upset  at  least  once  during  one  cycle  of  the  stirring  paddle  in  the 
reverberation  chamber. 

Each  test  part  was  numbered,  so  that  their  performance  during  the  reliability  test  as  well  as  any 
changes  in  their  parameters  could  be  tracked.  All  the  test  parts  were  subjected  to  parametric  testing 
before  and  after  each  reliability  test  to  determine  the  effect  of  the  testing  on  the  device  parameters. 

The  immediate  effect  of  the  EM  radiation  was  that  the  test  devices  experience  soft  failures  or 
upsets  when  exposed  to  EM  radiation,  and  we  found  that  the  upset  rate  as  well  as  the  number  of  devices 
experiencing  upset  increases  with  increasing  EM  radiated  power.  Test  data  was  taken  continuously 
throughout  the  test  to  determine  which  devices  were  being  upset  during  each  1-hour  period.  The  test 
data  was  analyzed  to  determine  the  total  number  of  devices  being  upset  during  each  test  period  and  also 
the  average  number  of  devices  being  upset  at  any  moment.  This  data  is  presented,  and  it  shows  that  the 
upset  rate  is  proportional  to  the  power  level  of  the  EM  radiation,  that  it  is  dependent  on  the  frequency 
of  the  radiation,  and  that  it  is  somewhat  dependent  on  the  amount  of  time  the  devices  are  exposed  to  the 
EM  radiation. 

Control  groups  of  100  analog  parts  and  100  digital  parts  were  also  tested  for  30  days,  but  in  an 
environment  of  low  (ambient)  EM  energy  with  test  signal  and  power  supply  voltages  similar  to  those  of 
the  devices  in  the  chamber.  The  parameter  shifts  of  the  control  group  devices  would  be  considered 
basic  to  all  the  devices  before  the  effects  of  the  EM  energy  are  considered. 

8.2  Reliability  Test  Setup 

The  tests  were  set  up  in  the  reverberation  chamber  as  described  in  section  7.  100  test  devices 
were  installed  in  the  same  test  fixtures  that  were  used  in  the  baseline  testing  and  were  placed  in  the 
mode  stirred  chamber  on  dielectric  stands.  The  test  fixtures  were  connected  to  the  power  supplies  and 
signal  generators  via  test  cables.  The  test  fixtures  were  connected  to  the  test  instrumentation  via  test 
cables.  These  parts  had  passed  functional  test  before  being  placed  on  the  test  fixtures.  The  fixtures  were 
in  a  vertical  position  and  were  facing  each  other  at  an  angle  of  approximately  35  degrees  from  the 
chamber  sidewall.  The  fixtures  were  positioned  so  that  they  were  16  inches  from  the  chamber  walls,  35 
inches  above  the  floor,  16  inches  below  the  stirring  paddle,  and  12  inches  apart.  Each  test  fixture  has  1 
power  connector,  2  coaxial  input  signal  connectors,  and  4  output  connectors.  The  test  cables,  which 
originate  at  external  power  supplies,  test  signal  generators,  and  the  data  acquisition  boards,  are  shielded 
beginning  at  the  point  where  they  pass  through  the  connector  bulkhead  at  the  rear  of  the  chamber.  The 
test  stimulus  and  data  monitoring  system,  power  supplies,  and  RF  power  system  are  located  outside  the 
chamber.  The  test  stimulus  and  data  monitoring  system  was  described  in  section  12  and  the  RF  power 
system  was  described  in  section  10. 
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8.3  Reliability  Test  Procedure 

Reliability  testing  was  performed  in  the  stirred  mode  reverberation  chamber  for  the  30  day  test 
periods  as  indicated  in  the  test  schedule.  The  analog  test  devices  were  supplied  with  +7.5  V  and  -7.5  V 
DC  power  and  a  0  to  5  volt  square  wave  pulse  which  is  500  microseconds  wide.  The  digital  test  devices 
were  supplied  with  +5.0  V  DC,  a  0.8  V  to  2.0  V  square  wave  “D”  input  signal,  and  a  0.8  V  to  2.0  V 
data  clock  signal.  The  “D”  and  clock  signals,  which  have  been  properly  timed  by  the  pulse  generator, 
cause  the  “D”  flip-flop  to  produce  a  square  wave  output  signal  which  is  similar  to  the  square  wave 
output  signal  produced  by  the  analog  test  devices.  The  RF  equipment  was  set  at  the  appropriate 
frequency  up  using  the  amplifier  plug-in  that  covered  that  frequency,  and  the  mode  stirring  paddle  was 
set  to  turn  at  1/4  RPM.  At  the  beginning  of  tests  1,  2,  5,  6,  10,  and  12,  a  short  pre-test  was  run  to  set  up 
the  amplifier  and  determine  the  RF  power  level  for  the  test.  Although  the  susceptibility  profiles 
developed  in  baseline  tests  were  helpful  in  determining  the  frequencies  to  use  during  reliability  testing 
and  the  approximate  response  to  EM  energy  at  those  frequencies,  this  pre-test  was  needed  at  the  start  of 
the  reliability  test  to  determine  the  appropriate  RF  power  levels  for  the  test.  The  test  stimulus  and 
monitoring  system  described  in  section  12  was  used  to  record  and  store  the  test  data.  The  test  operator 
would  start  the  test  automated  test  program,  then  the  computer  would  start  a  new  test  every  hour.  Raw 
data  files  are  composed  of  a  time  and  date  stamp,  the  serial  numbers  of  the  devices  that  are  being  upset, 
and  the  number  of  times  the  upset  occurred,  for  each  1  second  period.  A  sample  page  of  a  raw  data  file 
is  shown  in  Figure  8.3-1.  This  data  file  shows  five  -  one  second  periods  of  no  upsets,  before  the  RF 
power  was  energized,  then  two  -  one  second  periods  with  upsets.  The  upsets  are  a  result  of  the  short 
term  effect  of  the  RF  energy  upon  the  devices.  The  computer  creates  three  other  data  files  besides  the 
hourly  raw  data  files.  Two  “upset”  files  are  created  one  for  each  test  board  of  100  devices.  The  “upset” 
file  is  an  hourly  compilation  of  the  number  of  devices  that  have  been  upset  and  the  number  of  times  the 
upset  occurred.  A  sample  page  of  an  “upset”  data  file  is  shown  in  Figure  8.3-2.  This  file  shows  the 
results  from  two  tests  of  1-hour  duration.  The  “totals”  file  is  composed  of  a  time  and  date  stamp 
followed  by  the  number  of  devices  suffering  upset  during  each  hour  long  test  period.  A  sample  “totals” 
file  is  shown  in  Figure  8.3-3.  The  raw  data  files  have  been  compressed  for  storage,  but  the  other  test 
data  files  have  been  stored  just  as  they  were  received  from  the  computer.  The  complete  set  of 
compressed  data  for  the  wideband  test  takes  about  125  Mbytes  of  disk  space. 

The  two  data  items  that  are  used  to  determine  the  effect  of  EM  radiation  on  the  test  parts  are 
the  “totals”  files  and  the  size  of  the  raw  data  files.  The  size  of  the  raw  data  files  relates  directly  to  the 
total  number  of  upsets  that  were  suffered  during  the  test  period,  and  from  that  we  can  figure  the  average 
number  of  upsets  over  the  period.  A  test  report  format  has  been  created  which  tracks  these  quantities  by 
test  number  and  date. 

8.4  Analog  Reliability  Testing 

Two  test  lots  of  analog  test  devices  in  two  analog  test  fixtures  were  placed  in  the  test  chamber 
during  each  analog  reliability  test  period.  Each  test  lot  was  composed  of  50  OP-27 1GP  operational 
amplifiers  (plastic  package)  and  50  OP-27 1FZ  operational  amplifiers  (ceramic  package).  Each  test 
period  was  a  minimum  of  30  days  long.  One  of  the  test  lots  was  in  the  chamber  for  all  4  test  periods, 
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Start  Time  is:  Fri  Jan  26  15:48:52  1996 


Fri  Jan  26  15:49:20  1996 

Fri  Jan  26  15:49:21  1996 

Fri  Jan  26  15:49:22  1996 

Fri  Jan  26  15:49:23  1996 

Fri  Jan  26  15:49:24  1996 
#3220:  1, 

Fri  Jan  26  15:49:25  1996 

#3202:  1,  #3203:  1,  #4253:  6,  #3204:  2,  #3209:  1,  #3210:  1, 

#3213:  2,  #3214:  1,#4264:  6,  #3215:  1,  #3216:  1,  #3217:  2,  #3219:  2, 

#3220:  12,  #3221:  2,  #3222:  2,  #3223:  2,  #3224:  12,  #3227:  1,#3228:  1, 
#3232:  1,  #4289:  6,  #4296:  6,  #3269:  4,  #4220:  2,  #4221:  2,  #4224:  2, 

#3279:  1,  #4230:  2,  #4236:  2,  #4240:  1,#4241:  2,  #4244:  2,  #4245:  1, 

#4246:  2, 

Fri  Jan  26  15:49:26  1996 

#3203:  6,  #4253:  11,  #3204:  6,  #3209:  6,  #3210:  6,  #3212:  6, 

#3213:  6,  #3214:  6,  #4264:  11,  #3215:  6,  #3217:  6,  #3219:  6,  #3220: 11, 

#3221:  6,  #3222:  6,  #3223:  6,  #3224:  1 1,  #3227:  6,  #3228:  6,  #3232:  6, 

#4289:  11,  #4296:  11,  #4220:  6,  #4221:  6,  #4224:  6,  #4230:  6,  #4236:  6, 
#4239:  1 ,  #4240:  1,#4241:  6,  #4244:  6,  #4245:  6,  #4246:  6,  #4250:  1, 
Fri  Jan  26  15:49:27  1996 

#3204:  2,  #3209:  2,  #3210:  2,  #3212:  2,  #3213:  2,  #3214:  2,  #3215:  2, 
#3219:  2,  #3220:  12,  #3221:  2,  #3222:  2,  #3223:  2,  #3224:  12,  #3227:  2, 

#3232:  2,  #4220:  2,  #4221:  10,  #4224:  1,#4230:  2,  #4245:  2, 

Fri  Jan  26  15:49:28  1996 
#4253:  9, 

#3204:  6,  #3209:  6,  #3210:  6,  #3212:  6,  #3213:  1,  #3214:  6,  #4264:  4, 
#3215:  6,  #3219:  6,  #3220:  1 1,  #3221:  6,  #3222:  3,  #3223:  6,  #3224:  6, 
#3227:  6,  #3232:  6,  #4289:  1,  #4220:  6,  #4221:  9,  #3273:  2,  #4230:  6, 
#4245:  3, 


Figure  8.3-1:  Sample  Page  From  Raw  Data  File 
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Start  Time  is:  Tue  Jan  30  10: 1 1:33  1996 
Tue  Jan  30  10:16:16  1996 

#3201:  2  F  #3202:  42F#3203:  58F#3204:  377F#3205:  121  F#3207:  10F#3208:  25  F 

#3209:  469  F #3210:  548  F #3212:  382 F #3213:  229 F #3214:  599 F #3215:  638 F #3216:  230 
F  #3217:  99  F #3219:  146  F #3220:  1135  F #3221:  64  F #3222:  36 F #3223:  212 F #3224: 

448 F #3225:  12  F #3226:  3 F #3227:  411 F #3228:  124  F #3232:  166 F #3234:  66 F #3235: 

17  F 

#3236:  3  F  #3238:  87  F  #3239:  220  F  #3240:  17  F  #3241:  13  F  #3242:  70  F  #3243:  93  F 

#3245:  3  F  #3247:  77  F  #3249:  99  F  #4202:  20  F  #4203:  59  F  #4204:  1  F#4205:  46  F 

#4206:  7  F  #4208:  17  F  #4212:  19  F  #4213:  33  F  #4214:  49  F  #4215:  1  F#4217:  IF 

#4218:  IF  #4220:  137  F  #4221:  400  F  #4223:  93  F  #4224:  418  F  #4225:  134  F  #4227:  38  F 

#4228:  67  F #4230:  379  F #4231:  12F#4232:  232F#4233:  11  F#4235:  31  F #4236:  261  F 
#4238:  347 F #4239:  58 F #4240:  6 F #4241:  431  F #4242:  450 F #4243:  215  F #4244:  112  F 

#4245:  697 F #4246:  294  F #4248:  6  F #4250:  148 F 

END  OF  TEST 

Start  Time  is:  Tue  Jan  30  10: 16:23  1996 
Tue  Jan  30  11:16:24  1996 

#3201:  22  F  #3202:  521  F#3203:  799  F  #3204:  5445  F  #3205:  1693  F  #3207:  118F#3208: 

349  F  #3209:  6986F#3210:  8342F#3212:  5572F#3213:  3209F#3214:  9171  F#3215:  9619F 
#3216:  3339  F  #3217:  1300F#3219:  2166  F  #3220:  17322  F  #3221:  983F#3222:  481  F  #3223: 
3026 F #3224:  6503  F #3225:  164  F #3226:  56  F #3227:  6183 F #3228:  1864  F #3232:  2340  F 
#3234:  912  F  #3235:  236F#3236:  63F#3238:  1346F#3239:  3157F#3240:  273  F  #3241: 

243  F  #3242:  1045  F  #3243:  1403  F  #3245:  56  F  #3247:  1 162  F  #3249:  1571  F  #4202:  291  F 

#4203:  861  F #4204:  8F#4205:  721  F#4206:  113F#4208:  307F#4212:  354F#4213:  557 

F #4214:  727  F #4215:  12F#4217:  6F#4218:  30F#4220:  2033  F #4221:  6174F#4223: 

1342  F  #4224:  6405  F  #4225:  2053  F  #4226:  IF  #4227:  520  F  #4228:  1083  F  #4230:  5812  F 
#4231:  138 F #4232:  3475  F #4233:  188 F #4235:  478 F #4236:  3936 F #4237:  2 F #4238: 

5068  F  #4239:  831  F  #4240:  39  F  #4241:  6307F#4242:  6762F#4243:  3196F#4244:  1681  F 
#4245:  10436  F  #4246:  4245  F  #4247:  3  F  #4248:  1 15  F  #4250:  2260  F 


Figure  8.3-2:  Sample  Page  From  “Upset”  Data  File 
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Thu  Feb  15  15:22:06  1996_ 

71 

76 

Thu  Feb  15  16:22:06  1996_ 

73 

76 

Thu  Feb  15  17:22:06  1996_ 

75 

79 

Thu  Feb  15  18:22:06  1996_ 

76 

78 

Thu  Feb  15  19:22:06  1996_ 

74 

77 

Thu  Feb  15  20:22:06  1996_ 

70 

77 

Thu  Feb  15  21:22:06  1996_ 

73 

77 

Thu  Feb  15  22:22:06  1996_ 

71 

77 

Thu  Feb  15  23:22:06  1996_ 

70 

78 

FriFeb  16  00:22:06  1996_ 

72 

75 

FriFeb  16  01:22:06  1996_ 

72 

76 

Fri  Feb  16  02:22:06  1996_ 

71 

76 

Fri  Feb  16  03:22:06  1996_ 

71 

76 

Fri  Feb  16  04:22:06  1996_ 

72 

80 

Fri  Feb  16  05:22:06  1996_ 

73 

77 

Fri  Feb  16  06:22:06  1996_ 

73 

76 

Fri  Feb  16  07:22:06  1996_ 

74 

76 

Fri  Feb  16  08:22:06  1996_ 

74 

77 

Fri  Feb  16  09:22:06  1996_ 

72 

75 

Fri  Feb  16  10:22:06  1996_ 

75 

78 

FriFeb  16  11:22:06  1996_ 

75 

78 

Fri  Feb  16  12:22:06  1996_ 

74 

74 

FriFeb  16  13:17:40  1996_ 

76 

79 

Figure  8.3-3:  Sample  “Totals”  Data  File 
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and  four  other  test  lots  were  in  the  chamber  for  one  test  each.  The  test  schedule,  including  start  dates 
and  test  lot  locations,  is  shown  in  Figure  8.1-1. 

The  test  devices  did  suffer  long  term  degradation  as  shown  by  changes  in  basic  device 
parameters.  No  devices  suffered  outright  failures  during  the  analog  reliability  test,  but  the  parameters  of 
three  parts  drifted  far  enough  that  they  were  no  longer  within  the  manufacturer's  specification.  A 
summary  of  results  of  the  device  parameter  testing  is  given  in  section  9. 

The  analog  reliability  tests  were  performed  by  subjecting  five  test  lots  of  analog  test  devices  to 
EM  energy  at  two  different  frequencies  and  4  different  RE  power  levels.  Baseline  testing  was 
performed  in  the  same  test  fixtures  and  with  the  same  test  setup  as  were  the  reliability  tests.  This  was 
done  because  test  fixture  design  and  test  setup  might  influence  the  fields  inside  the  chamber  and  affect 
the  test  results.  Although  the  susceptibility  profiles  developed  in  baseline  tests  were  helpful  in 
determining  the  frequencies  to  use  during  reliability  testing  and  the  approximate  response  to  EM  energy 
at  those  frequencies,  testing  was  needed  at  the  start  of  each  reliability  test  to  determine  the  appropriate 
RF  power  levels  for  the  test.  The  placement  of  the  test  fixtures  in  the  chamber  remained  the  same  for  all 
the  tests,  but  the  location  of  the  parts  in  the  test  fixtures  (positions  1  through  50  or  51  through  100)  was 
changed. 

The  test  conditions  were  as  follows:  The  mode  stirring  paddle  was  set  to  turn  at  1/4  RPM,  The 
OP-271  op-amps  were  supplied  with  +7.5  volts  and  -7.5  volts,  and  the  monitor  board  supply  was  5.5 
volts. 

The  complete  set  of  data  (compressed  raw  data  plus  other  test  data  files)  for  the  analog  tests 
takes  about  550  Mbytes  of  disk  space.  The  complete  report  for  analog  test  1  is  shown  in  appendix  J. 
The  reports  for  test  periods  2,  3,  and  4  for  tests  3,  2,  and  4  respectively  are  shown  in  appendices  K,  L, 
and  M.  A  summary  of  each  test  has  been  made  which  condenses  the  data  for  each  page  to  a  single  line, 
yet  contains  enough  data  to  show  how  trends  develop  over  time.  These  test  data  summaries  are  shown 
in  Figures  8.4-1,  8.4-2,  8.4-3,  and  8.4-4.  A  log  of  RF  power  levels  was  kept  after  the  first  test,  and  this 
data  is  also  included  in  the  last  three  summary  reports.  A  report  that  is  based  on  Figure  8.0-1  and 
summarizes  the  data  even  further  is  shown  in  Figure  8.4-5. 

8.5  Digital  Reliability  Testing 

Two  test  lots  of  digital  test  devices  in  two  identical  test  fixtures  were  placed  in  the  test  chamber 
during  each  digital  reliability  test  period.  Each  test  lot  was  composed  of  50  CD74ACT74E  digital  flip- 
flops  (plastic  package)  and  50  CD54ACT74F3A  digital  flip-flops  (ceramic  package).  Each  test  period 
was  a  minimum  of  30  days  long.  One  of  the  test  lots  of  digital  parts  was  in  the  chamber  for  all  4-test 
periods,  and  four  other  test  lots  were  in  the  chamber  for  one  30-day  period  each. 

One  digital  device  suffered  an  outright  failure,  the  inability  of  its  output  to  switch  at  high 
speed,  during  the  testing.  In  addition,  all  the  test  devices  suffered  some  degree  of  long  term  degradation 
as  shown  by  changes  in  basic  device  parameters.  A  summary  of  results  of  device  parameter  testing  is 
given  in  section  9. 

The  54/74ACT74  digital  flip-flops  require  a  single  positive  power  supply  voltages,  two  input 
signals,  and  high  voltage  levels  on  the  “preset”  and  “clear”  signal  inputs  in  order  to  operate. 
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Figure  8.4-1:  Test  Data  Summary  for  Analog  Test  #1 
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Figure  8.4-2:  Test  Data  Summary  for  Analog  Test  #3,  Test  Period  #2 


106 


Data 

Page 

End  Date 
Mo.  Day 

1 

3 

30 

2 

4 

1 

3 

4 

3 

4 

4 

6 

5 

4 

8 

6 

4 

10 

7 

4 

12 

8 

4 

14 

9 

4 

16 

10 

4 

19 

11 

4 

21 

12 

4 

23 

13 

4 

25 

14 

4 

27 

15 

4 

29 

193 

194 

193 

194 

195 
194 
194 

194 

195 

195 
182 

196 

197 
196 
196 


File 

Average 

size 

instantaneous 

RF 

(Mbytes) 

upset  rate 

power 

2.42 

77.2 

250 

2.33 

74.4 

240 

2.24 

71.4 

240 

2.31 

73.8 

250 

2.42 

77.5 

240 

2.56 

81.8 

260 

2.41 

77.1 

250 

2.42 

77.2 

250 

2.53 

80.9 

260 

2.55 

81.6 

250 

2.32 

74.1 

250 

2.51 

80.2 

260 

2.46 

78.7 

270 

2.42 

77.3 

250 

2.62 

83.9 

270 

Averages 


194 


78 


Figure  8.4-3:  Test  Data  Summary  for  Analog  Test  #2,  Test  Period  #3 
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Figure  8.4-4:  Test  Data  Summary  for  Analog  Test  #4  Test  Period  #4 
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Figure  8.4-5:  Analog  Test  Data  Summary 
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The  test  conditions  for  the  digital  testing  were  as  follows:  The  mode  stirring  paddle  was  set  to 
turn  at  1/4  RPM,  The  54/74ACT74  flip-flops  were  supplied  with  +5.0  volts,  and  the  monitor  board 
supply  was  +5.0  volts.  The  input  signals  were  created  by  a  dual  pulse  generator  such  that  the  flip-flop 
will  produce  a  pulse  that  is  500  microseconds  long  from  0  V  to  +5  V  in  amplitude.  The  RF  signal  had  a 
pulse  width  of  1.2  microseconds  and  a  period  of  1.2  milliseconds. 

Because  the  raw  data  files  are  so  large,  they  have  been  compressed  for  storage,  but  the  other 
test  data  files  have  been  stored  as  they  were  received  from  the  computer.  The  complete  set  of  data 
(compressed  raw  data  plus  other  test  data  files)  for  the  digital  tests  takes  about  350  Mbytes  of  disk 
space. 

The  complete  report  for  digital  test  5  is  shown  in  appendix  N.  The  reports  for  test  periods  6,  7, 
and  8  for  tests  7,  6,  and  8  respectively  are  shown  in  appendices  P,  Q,  and  R.  A  summary  of  each  test  has 
been  made  which  condenses  the  data  for  each  page  to  a  single  line,  yet  contains  enough  data  to  show 
how  trends  develop  over  time.  These  test  data  summaries  are  shown  in  Figures  8.5-1,  -2,  -3,  and  -4.  A 
log  of  RF  power  levels  was  kept,  and  this  data  is  also  included  in  the  summary  reports.  A  report  that  is 
based  on  Figure  8.0-1  and  summarizes  the  data  even  further  is  shown  in  Figure  8.5-5. 

8.6  Thermal  &  Life  Reliability  Testing 

The  purpose  of  thermal  and  life  reliability  testing  was  to  operate  analog  test  devices  in  high 
temperature  Electromagnetic  (EM)  and  non-EM  environments  to  determine  if  the  effects  observed  in 
prior  EM  testing  are  thermally  related.  Thermal  testing  refers  to  2  or  4  test  periods  that  the  test  devices 
were  subjected  to  a  high  temperature  low  (ambient)  EM  environment.  "Life"  testing  refers  to  the  2  test 
periods  that  the  test  devices  were  subjected  to  a  high  temperature  EM  environment  inside  the 
reverberation  chamber.  Analog  test  devices  were  chosen  over  digital  test  devices  for  the  thermal  and 
life  testing  for  the  following  reasons: 

1.  Because  small  parameter  shifts  seem  to  degrade  operation  of  analog  devices  more  than  digital 
devices. 

2.  Because  the  RF  power  level  that  is  required  to  cause  50%  of  the  population  of  test  devices  to  upset 
was  less  for  analog  devices  than  it  was  for  the  digital  devices. 

3.  We  felt  that  Parameters  of  analog  devices  would  probably  shift  more  with  temperature  than  would 
parameters  of  digital  devices. 

Two  lots  of  analog  test  devices  were  placed  in  two  analog  test  fixtures  in  a  thermal  chamber  in 
a  low  (ambient)  EM  environment  for  two  30-day  thermal  test  periods.  The  chamber  temperature  was 
maintained  at  85°  C  (185°  F)  throughout  the  test,  and  the  test  devices  were  supplied  with  DC  power  and 
a  test  signal.  The  test  devices  were  given  a  functional  test  at  the  end  of  each  test. 

At  the  end  of  the  second  thermal  test,  one  test  lot  continued  in  the  non-EM  thermal  chamber  for 
two  more  30-day  test  periods.  The  second  test  lot  was  tested  in  the  presence  of  EM  radiation  in  the 
stirred  mode  reverberation  for  the  third  and  fourth  30  day  tests.  Two  more  test  lots,  each  containing  100 
fresh  analog  parts,  were  in  the  mode  stirred  chamber,  one  during  the  third  test  and  one  during  the 
fourth,  with  the  second  test  lot.  The  reverberation  chamber  was  heated  to  85°  C  for  these  tests.  RF 
energy  was  added  to  the  chamber  and  the  stirrer  was  rotated  at  lA  rpm  as  in  the  previous  tests. 
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Figure  8.5-1:  Test  Data  Summary  for  Digital  Test  #5 
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Figure  8.5-2:  Test  Data  Summary  for  Digital  Test  #7,  Test  Period  #6 
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Figure  8.5-3:  Test  Data  Summary  for  Digital  Test  #6,  Test  Period  #7 
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Figure  8.5-4:  Test  Data  Summary  for  Digital  Test  #8,  Test  Period  #8 
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Digital  Reliability  Tests 
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Figure  8.5-5:  Digital  Test  Data  Summary 


All  of  the  test  devices  suffered  long  term  degradation  as  shown  by  changes  in  basic  device 
parameters,  but  the  parameters  of  all  the  test  devices  stayed  within  the  manufacturers  specification.  The 
single  lot  of  test  devices  that  was  in  the  thermal  chamber  for  four  test  periods  is  a  thermal  “control 
group”  for  the  devices  tested  in  the  EM  environment. 

The  thermal  test  was  set  up  by  placing  two  analog  test  fixtures,  each  populated  with  50 
OP271FZ  (ceramic)  and  50  OP271GP  (plastic)  operational  amplifiers,  in  the  thermal  chamber,  which  is 
simply  an  oven  with  reasonably  fine  thermostatic  control.  The  test  fixtures  were  connected  to  the  power 
supplies  and  signal  generators  via  test  cables.  The  electrical  connections  for  this  test  are  shown  in 
Figure  8.6-1.  The  fixtures  were  in  simple  wooden  stands  to  keep  them  in  the  middle  of  the  chamber  and 
away  from  the  metal  chamber  walls.  The  fixtures  were  placed  in  a  vertical  position  and  the  “chip”  sides 
of  the  test  fixtures  were  facing  away  from  the  cable  entrance  into  the  chamber  for  ease  in  routing  the 
cables.  No  data  monitoring  was  performed  during  the  thermal  test.  Following  the  end  of  the  second 
thermal  test,  one  of  the  test  fixtures  and  its  associated  cable,  was  removed  from  the  chamber.  A 
photograph  of  the  single  board  installation  in  the  thermal  chamber  is  shown  in  Figure  8.6-2. 

The  difference  between  the  test  setup  for  the  "life"  test  and  that  used  in  the  analog  reliability 
tests  is  that  1"  of  thermal  insulation  covered  the  roof  of  the  reverberation  chamber,  and  2”  of  thermal 
insulation  covered  the  outside  walls  and  floor  to  minimize  heat  flow  out  of  the  chamber.  A  sheet  of  /i 
plywood  was  laid  on  top  of  the  floor  insulation  to  protect  it  from  damage,  and  the  test  fixtures  were 
placed  on  top  of  the  plywood. 

With  the  thermal  chamber  set  up  and  the  temperature  maintained  at  85°  C,  the  200  analog  test 
devices  on  two  test  fixtures  were  supplied  with  DC  power  and  a  square  wave  signal.  At  the  end  of  30 
days,  the  test  devices  were  removed  from  the  test  fixtures,  subjected  to  room  temperature  parametric 
testing,  re-installed  in  the  fixtures,  and  tested  for  a  second  30  days.  At  the  end  of  the  second  30-day  test, 
the  devices  were  removed  and  subjected  to  three  temperature  parametric  testing.  One  of  the  test  fixtures 
with  its  100  test  devices  was  removed  from  thermal  testing  and  moved  into  the  life  test.  The  remaining 
test  fixtures  and  100  test  devices  were  put  back  in  the  chamber  for  the  third  test.  The  test  devices  were 
removed  and  subjected  to  another  room  temperature  parametric  test,  and  re-installed  in  the  chamber  for 
the  fourth  30-day  test.  At  the  end  of  the  last  test,  a  three  temperature  parametric  test  was  performed  on 
the  100  test  devices. 

Life  testing  was  performed  in  the  high  temperature  reverberation  chamber  for  two  30-day  test 
periods.  The  first  life  test  included  the  test  lot  that  was  removed  from  the  thermal  test  at  the  end  of  the 
second  thermal  test  period  and  fresh  lot  of  100  analog  test  parts.  These  two  lots  of  test  devices  were 
supplied  with  DC  power  and  a  square  wave  signal.  They  were  subjected  to  125  Watts  of  peak  RF  power 
at  a  0. 1  %  duty  factor  at  800  MHz  in  the  reverberation  chamber  environment.  The  temperature  in  the 
chamber  was  maintained  at  85°  C  for  the  test.  The  devices  were  removed  from  the  test  fixtures  and 
tested  at  the  end  of  the  first  life  test.  A  second  fresh  lot  of  analog  test  devices  plus  the  original  lot  from 
the  thermal  chamber  were  in  the  chamber  for  the  second  life  test,  which  was  conducted  at  250  Watts  of 
RF  power,  with  all  other  test  conditions  remaining  the  same.  These  test  devices  were  also  subjected  to 
parametric  testing  at  the  end  of  the  test.  The  complete  set  of  compressed  data  for  the  thermal  and  life 
tests  takes  about  550  Mbytes  of  disk  space. 
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Thermal  Chamber 


Figure  8.6- 1 :  Block  Diagram  of  Thermal  Chamber  Test  Setup 
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Figure  8-6.2:  Photograph  of  Single  Test  Fixture  in  Thermal  Chamber 
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The  complete  report  for  the  life  test  period  10  is  shown  in  appendix  S,  and  the  report  for  life  test  period 
1 1  is  shown  in  appendix  T.  A  summary  of  each  test  has  been  made  which  condenses  the  data  for  each 
page  to  a  single  line,  yet  contains  enough  data  to  show  how  trends  develop  over  time.  These  tests  are 
shown  in  Figures  8.6-3  and  -4.  A  log  of  RF  power  levels  was  kept  after  the  first  test  and  this  data  is  also 
included  in  the  last  three  summary  reports.  A  report  which  is  based  on  Figure  8.0-1  and  which 
summarizes  the  data  from  the  thermal  and  life  test  even  further  is  shown  in  Figure  8.6-5. 

8.7  Wideband  Reliability  Testing 

One  test  lot  of  analog  test  devices  in  an  analog  test  fixture  and  one  test  lot  of  digital  test  devices 
in  a  digital  test  fixture  were  placed  in  the  mode-stirred  chamber  for  one  30-day  test  period.  The 
chamber  temperature  was  maintained  at  room  temperature  (approximately  72°  F),  and  the  test  devices 
were  supplied  with  DC  power  and  test  signals.  The  analog  test  lot  was  composed  of  50  OP-27 1GP 
operational  amplifiers  (plastic  package)  and  50  OP-27 1FZ  operational  amplifiers  (ceramic  package)  and 
the  digital  test  lot  was  composed  of  50  74ACT74E  flip-flops  (plastic  package)  and  50  54ACT74F3A 
flip-flops  (ceramic  package). 

In  the  reliability  testing  performed  to  date,  testing  below  2  GHz  caused  the  test  devices  to 
experience  soft  failures  or  upsets  when  exposed  to  EM  radiation,  and  we  found  that  the  upset  rate  as 
well  as  the  number  of  devices  experiencing  upset  increased  with  increasing  EM  radiated  power.  In 
baseline  testing  performed  at  a  number  of  discrete  frequencies  between  2  and  18  GHz  we  did  not  detect 
that  any  of  the  test  devices  had  experienced  any  upsets.  In  the  high  frequency  part  of  the  wideband 
testing,  we  wanted  to  subject  the  test  devices  to  high  levels  of  EM  radiation  and  see  if  the  device 
parameters  were  affected  even  though  there  might  be  an  absence  of  any  upsets.  Sweep  testing  between 
8  and  18  GHz  validated  previous  test  data,  in  that  no  upsets  occurred.  Sweep  testing  performed  between 
4  and  8  GHz  yielded  a  number  of  upsets,  which  occurred  mainly  between  5  and  6  GHz.  These  upsets 
occurred  at  a  lower  rate  than  would  occur  below  2  GHz.  There  were  also  upsets  in  wideband  tests 
performed  between  2  and  4  GHz,  although  this  was  also  at  a  lower  rate  than  below  2  GHz. 

In  this  as  in  other  tests,  the  test  devices  suffered  long  term  degradation  as  shown  by  changes  in 
basic  device  parameters.  No  devices  suffered  outright  failures  during  the  wideband  reliability  tests.  A 
summary  of  results  of  the  device  parameter  testing  is  given  in  section  9. 

The  purpose  of  wideband  reliability  testing  was  to  subject  the  test  devices  to  an 
Electromagnetic  (EM)  environment  over  a  wide  frequency  range  to  determine  if  the  effects  in  addition 
to  those  observed  in  prior  EM  testing  can  be  found.  The  test  schedule  is  shown  in  Figure  8.7-1. 
Wideband  testing  was  performed  in  the  reverberation  chamber  for  one  30-day  test  period.  The  analog 
test  devices  were  supplied  with  +7.5  V  and  -7.5  V  DC  power  and  a  0  to  5  volt  1  KHz  square  wave 
signal.  The  digital  test  devices  were  supplied  with  +5.0  V  DC,  a  0.8  V  to  2.0  V  square  wave  “D”  input 
signal,  and  a  0.8  V  to  2.0  V  data  clock  signal.  The  “D”  and  clock  signals,  which  have  been  properly 
timed  by  the  pulse  generator,  cause  the  “D”  flip-flop  to  produce  a  square  wave  output  signal  which  is 
similar  to  the  square  wave  output  signal  produced  by  the  analog  test  devices.  The  RF  equipment  was  set 
up  to  sweep  from  8  to  18  GHz  using  the  amplifier  plug-in  that  covered  that  frequency.  A  short  pre-test 
was  run  to  set  up  the  amplifier  and  determine  the  power  level  for  the  test.  As  noted  previously,  no  test 
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Figure  8.6-3:  Test  Data  Summary  for  Test  #  10 
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Figure  8.6-4:  Test  Data  Summary  for  Test  #  1 1 
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Figure  8.6-5:  Thermal  and  Life  Test  Data  Summary 
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Figure  8.7-1:  Wideband  Test  Schedule 
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devices  were  upset  between  8  and  18  GHz,  so  the  RF  power  was  set  at  the  highest  RF  power  the  pulse 
power  amplifier  would  produce.  The  devices  were  tested  at  three  different  frequency  sweep  rates  and 
three  different  mode  stirrer  paddle  rotation  rates.  The  frequency  was  changed  to  4  to  8  GHz,  the 
amplifier  plug-in  was  changed,  and  this  procedure  was  repeated  until  all  the  frequency  bands  were 
covered.  After  wideband  testing  was  performed  from  2  to  18  GHz,  the  devices  were  removed  from  the 
test  fixtures  and  subjected  to  room  temperature  parametric  testing.  The  test  devices  were  re-installed  in 
the  test  fixtures  and  wideband  testing  from  700  MHz  to  2  GHz  was  performed.  These  test  devices  were 
removed  again  from  the  test  fixtures  and  subjected  to  three  temperature  parametric  testing.  The  raw 
data  files  have  been  compressed  for  storage,  but  the  other  test  data  files  have  been  stored  just  as  they 
were  received  from  the  computer.  The  complete  set  of  compressed  data  for  the  wideband  test  takes 
about  125  Mbytes  of  disk  space.  The  complete  report  for  the  wideband  test  period  1 1  is  shown  in 
appendix  U.  A  summary  of  this  test,  sorted  by  frequency  band,  the  sweep  rate,  and  stirrer  rpm  is  shown 
in  Figure  8.7-2. 

8.8  Extended  Reliability  Testing 

Following  the  formal  reliability  tests,  time  was  still  available  before  the  end  of  the  contract  to 
perform  more  reliability  testing.  Because  of  our  desire  to  obtain  the  results  of  additional  testing,  we 
received  the  approval  of  the  Air  Force  program  office  and  proceeded  with  the  testing.  During  the 
extended  testing,  not  much  upset  data  was  taken  in  order  to  keep  costs  to  a  minimum.  However, 
parametric  testing  and  analysis  were  done  following  the  extended  testing,  and  the  results  of  the  analysis 
are  reported  in  section  3.2.  The  testing  included  radiated  electromagnetic  testing  of  analog  and  digital 
parts  from  lots  3A,  6A,  3D,  and  6D.  The  placement  of  parts  for  this  testing  is  shown  in  Figure  8.8-1.  It 
also  included  control  lot  testing  in  a  low  (ambient)  electromagnetic  environment  of  analog  test  lot  3A 
and  digital  test  lot  6D.  The  additional  radiated  part  testing  contributed  0.87  million  device  test  hours  to 
the  experience  database  and  the  control  group  part  testing  added  another  0.76  million  device  test  hours, 
or  1.6  additional  device  test  hours.  One  digital  plastic  part  failed  the  functional  test  at  the  end  of  the 
extended  reliability  test,  which  makes  a  total  of  2  outright  failures  and  3  specification  failures  during 
the  total  testing. 


9.0  POST  RELIABILITY  ELECTRICAL  ACCEPTANCE  TEST  RESULTS 

The  purpose  of  reliability  testing  was  to  operate  analog  and  digital  test  devices  in  an 
Electromagnetic  (EM)  environment,  in  a  variety  of  test  situations,  to  determine  if  there  are  short  and 
long  term  effects  associated  with  EM  exposure  effects  over  the  frequency  range  of  700  MHz  to  18 
GHz. 

Before  and  after  each  test  of  the  reliability  tests,  the  analog  and  digital  test  devices  were 
subjected  to  electrical  acceptance  (parametric)  testing  as  described  in  section  8.0,  Electrical  Acceptance 
Testing.  This  included  all  the  test  devices  subjected  to  the  EM  exposure  reliability  testing,  plus  the 
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Figure  8.7-2:  Test  Data  Summary  for  Test  Period  #  1 1 
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devices  involved  in  the  analog  and  digital  reference  tests.  The  test  engineer  reviewed  the  electrical  test 
data  and  submitted  summary  descriptions  of  the  data. 

In  all  tests,  including  the  reference  tests,  the  test  devices  suffered  degradation  as  shown  by 
changes  in  basic  device  parameters.  In  general,  the  parameters  of  devices  exposed  to  an  EM 
environment  changed  more  than  did  the  parameters  of  the  reference  parts.  However,  in  many  cases  the 
differences  are  not  large,  nor  is  it  obvious  which  parameter  shifts  are  significant  and  which  are  not.  But 
what  we  do  know  is  that  device  parameters  did  change  in  the  presence  of  EM  energy.  An  analysis  of  the 
test  results  was  given  in  section  3. 

9.1  Analog  Post-Reliability  Electrical  Acceptance  Test  Results 

The  results  of  the  analog  tests  are  presented  in  tabular  form  in  Figure  9.1-la  and  9.1-lb.  The 
test  results  of  the  control  group  are  listed  first,  then  those  of  the  test  lots  exposed  to  EM  energy,  so  that 
differences  in  test  results  can  be  compared  with  each  other.  For  convenience,  the  results  are  sorted  by 
test  temperature  and  device  type.  Test  lot  3 A  was  tested  following  each  of  the  four  tests,  but  only  test  1 
and  test  4  results  are  presented,  because  many  of  the  parameters  stabilized  somewhat  during  the 
intermediate  tests,  and  these  two  tests  seem  to  contain  the  most  significant  data.  The  lot  3A  testing 
following  test  period  1  was  performed  only  at  room  temperature.  An  analysis  of  these  test  results  is 
presented  in  paragraph  3.1.  It  should  be  noted  that  part  3223  (plastic)  failed  the  power  supply  rejection 
ratio  test  at  -40  C,  and  parts  4217  and  4224  (ceramic)  failed  the  input  offset  voltage  specification  at 
room  temperature.  There  were  no  specification  failures  for  the  analog  control  group. 

9.2  Digital  Post-Reliability  Electrical  Acceptance  Test  Results 

The  results  of  the  digital  tests  are  presented  in  tabular  form  in  Figure  9.2-la,  9.2-lb,  9.2-lc,  and 
9.2-ld.  The  test  results  of  the  control  group  are  listed  first,  then  those  of  the  test  lots  exposed  to  EM 
energy.  For  convenience,  the  results  are  sorted  by  test  temperature  and  device  type.  Test  lot  3D  was 
tested  following  each  of  the  4  digital  tests,  but  only  the  results  of  the  final  test  are  reported.  An  analysis 
of  these  test  results  is  presented  in  paragraph  3.1.  Part  number  2053  in  test  lot  3D  failed  the  Voh  and 
Vol  tests  (output  would  not  transition  between  high  and  low). 


9.3  Thermal  and  Life  Post-Reliability  Electrical  Acceptance  Test  Results 

The  results  of  the  thermal  and  life  tests  are  presented  in  tabular  form  in  Figure  9.3- la  and  9.3- 
lb.  The  test  results  of  the  thermal  test  lots  are  listed  first,  which  is  followed  by  the  results  from  the  test 
lots  exposed  to  EM  energy.  For  convenience,  the  results  are  sorted  by  test  temperature  and  device  type. 
Test  lot  9A  was  subjected  to  four  30-day  tests  in  the  thermal  chamber  in  a  low  EM  environment.  Test 
lot  9A  is  the  “control”  group  for  the  other  thermal  and  life  test  lots.  Test  lot  10A  was  subjected  to  two 
30-day  tests  in  the  thermal  chamber  in  a  low  (ambient)  EM  environment  and  two  30  day  tests  in  the 
thermal  reverberation  chamber  while  being  subjected  to  EM  energy.  Test  lots  11A  and  12A  were 
subjected  to  one  30-day  test  period  each  while  being  subjected  to  EM  energy  in  the  thermal 
reverberation  chamber. 
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Figure  9.1 -1b:  Summary  of  Analog  Parametric  Test  Results 
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Figure  9.2-1  a:  Summary  of  Digital  Parametric  Test  Results 
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Figure  9.2-1  b:  Summary  of  Digital  Parametric  Test  Results 
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Figure  9.2-1  c:  Summary  of  Digital  Parametric  Test  Results 
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Figure  9.2-1  d:  Summary  of  Digital  Parametric  Test  Results 
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Figure  9.3-1  a:  Summary  of  Thermal  and  Life  Parametric  Test  Results 


Figure  9.3-1  b:  Summary  of  Thermal  and  Life  Parametric  Test  Results 
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A  comparison  was  made  between  the  thermal  and  life  test  results  and  the  analog  reliability  test 
results.  The  data  summary  from  the  analog  test  is  shown  in  Figures  9.1 -la  and  9.1-lb.  The  analog 
reliability  test  was  conducted  in  generally  the  same  manner  as  the  thermal  and  life  tests,  except  that  all 
the  testing  was  done  at  room  temperature.  A  comparison  between  the  thermal  and  life  tests  and  of  the 
analog  tests,  especially  between  lot  10a  in  Figure  9.3-la  with  lot  3a  in  Figure  9.1-la,  shows  that  the 
data  shifts  are  of  approximately  the  same  magnitude.  This  would  indicate  that  the  effect  on  device 
parameters  is  not  thermally  related,  but  related  more  to  the  time  and  intensity  of  exposure  to 
electromagnetic  energy.  An  analysis  of  these  test  results  is  presented  in  paragraph  3.1.  No  test  device 
failures  occurred  during  the  thermal  and  life  testing. 

9.4  Wideband  Post-Reliability  Electrical  Acceptance  Test  Results 

The  results  of  the  wideband  tests  are  presented  in  Figure  9.4-1.  The  results  of  the  “control” 
group  parametric  tests  are  also  shown  for  comparison.  An  analysis  of  these  test  results  is  presented  in 
paragraph  3.1.  No  test  device  failures  occurred  during  the  wideband  testing. 


10.0  DESIGN  AND  FABRICATION  OF  MODE-STIRRED  CHAMBER  AND  TUNER 

A  mode-stirred  reverberation  chamber  was  designed  and  fabricated  for  the  contract.  Mode 
stirring  provides  a  nearly  uniform  mean  RF  field  intensity  level  everywhere  in  the  chamber  except  in 
the  area  Vz  wavelength  or  less  from  the  chamber  walls.  This  allows  the  test  parts  to  be  subjected  to 
uniform  energy  distributions  at  high  RF  power  levels.  The  chamber  is  of  metal  panel  and  seam 
construction  with  a  walk-through  entry  door  and  a  rear  connector  access  panel.  The  door  is  a  high 
quality  unit  with  a  beryllium  copper  finger  seal  that  extends  completely  around  the  doorframe  to  keep 
out  any  electromagnetic  interference.  Panel  and  seam  construction  was  chosen  so  that  the  chamber 
could  be  taken  apart,  shipped,  and  re-assembled  if  required.  NIST  Technical  Note  1092  describes  the 
design,  evaluation,  and  use  of  a  reverberation  chamber  for  performing  electromagnetic 
susceptibility/vulnerability  measurements.  The  same  design  analysis,  calibration,  and  measurement 
procedures  given  in  the  NIST  Technical  Note  1092  were  employed  for  the  design  of  our  chamber.  The 
chamber  has  inside  dimensions  of  approximately  5'  by  6’  by  7',  which  is  approximately  1/2  the  largest 
dimension  and  l/6th  the  volume  of  the  NIST  chamber.  It  is  large  enough  to  provide  uniform  excitation 
of  internal  test  fixtures  with  NIST  recommended  clearance  relative  to  walls  and  other  internal  features, 
and  accommodate  the  RF  power  feeds,  stirring  paddle,  thermal  control  hardware,  and  device-holder  test 
fixtures.  Using  the  calculations  in  the  NIST  reference,  a  chamber  of  this  size  will  support  sufficient 
mode  density  to  perform  as  a  reverberation  chamber  at  400  MHz  and  higher.  Appropriate  treatment  of 
the  panel  and  door  edges  has  been  provided,  and  the  chamber  has  been  tested  per  MIL-STD-285  at  500 
MHz  and  above  to  ensure  its  shielding  integrity  after  construction. 

Mode  stirring  is  accomplished  by  a  motor-driven  four-blade  stirrer  or  paddle  that  is  located  in 
the  center  of  the  chamber  near  the  ceiling.  The  paddle  is  driven  by  a  computer  controlled  stepper  motor 
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Figure  9.4-1:  Summary  of  Wideband  Parametric  Test  Results 
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coupled  to  a  right  angle  gear  reduction  drive  that  allows  slow  rotation  rates  from  approximately  1/15 
rpm  to  10  rpm  to  be  accurately  programmed.  The  motor  and  gearbox  sit  on  top  of  the  chamber  and  the 
gearbox  output  shaft  is  supported  within  a  tubular  housing  by  a  bearing  at  each  end.  The  shaft  and  shaft 
housing  protrude  through  the  ceiling  of  the  chamber  and  a  fitting  on  the  end  of  the  shaft  holds  the 
paddle  blades.  The  shaft  housing  has  a  rotating  EMI  gasket  that  prevents  EM  leakage  past  the  shaft  and 
out  of  the  chamber.  The  4  rectangular  blades,  approximately  24”  long  by  16”  wide  were  fabricated  from 
surplus  honeycomb  aircraft  floor  panels  and  flame-sprayed  with  a  metallic  coating.  The  blades  were  set 
to  different  angles  between  vertical  and  approximately  45  degrees  from  vertical,  to  improve  mode 
stirring  within  the  chamber.  A  two-view  layout  of  the  chamber  is  shown  in  Figure  10.0-1.  The  paddle 
was  turned  at  Va  rpm  during  most  of  the  testing  to  minimize  wear  on  the  rotating  EMI  shaft  seal.  The 
chamber  was  tested  for  EM  leakage  before  the  start  of  the  tests  and  following  test  periods  four,  eight, 
and  1 1,  and  there  was  still  negligible  EM  leakage  after  more  than  120,000  rotations  of  the  EM  seal  after 
test  period  eleven.  The  floor,  the  outside  walls,  and  the  top  of  the  chamber  were  insulated  with  rigid 
polyurethane  foam  panels,  and  heating  was  provided  by  two  thermostatically  controlled  electric  heaters 
in  order  to  raise  the  chamber  temperature  to  +85°  C  (+185°  F)  for  the  life  tests.  The  heating  apparatus 
for  the  reverberation  chamber  is  shown  in  Figure  10.0-2 

RF  power  for  the  baseline  and  reliability  tests  is  provided  by  a  pulsed  RF  amplifier,  which  is 
believed  to  have  certain  advantages  over  a  CW  amplifier,  for  our  test  objectives.  The  test  equipment 
used  to  generate  the  RF  power  for  the  testing  is  shown  in  Figure  10.0-3.  The  RF  signal  enters  the 
chamber  via  an  bulkhead  coaxial  fitting  and  is  launched  onto  a  long-wire  antenna  which  is  constructed 
of  10  gauge  aluminum  wire.  The  antenna  is  held  approximately  8”  from  the  chamber  walls  by  stand¬ 
offs  and  it  is  terminated  in  a  50-ohm  load.  The  launch  region  of  the  antenna  is  held  in  shape  by  a  piece 
of  rigid  polyurethane  foam.  The  routing  of  the  long  wire  antenna  is  also  shown  in  Figure  10.0-1. 

10.1  Test  Chamber  Shielding  and  Tuner  Effectiveness  Testing 

The  shielding  effectiveness  of  the  empty  stirred  mode  reverberation  chamber  was  tested  to  the 
requirements  of  NSA  65-6  and  was  found  to  have  plane  wave  shielding  effectiveness  of  greater  than 
100  dB  from  500  MHz  to  10  GHz.  After  drilling  holes  and  installing  the  filter  connectors  and  shielded 
cable  assemblies  into  the  connector  panel  assembly  and  installing  the  mode  stirring  motor  and  shaft 
assembly,  the  shielding  effectiveness  of  the  stirred  mode  chamber  was  measured  again.  With  the  filter 
connectors  mounted  in  the  feed-through  panel,  the  shielded  cables  attached  to  the  connectors,  and  the 
EM  gasket  installed  between  the  shaft  and  the  bushing  of  the  stirrer  paddle,  the  shielding  effectiveness 
was  found  to  be  between  45  dB  and  60  dB  from  400  MHz  to  10  GHz.  Although  the  shielding 
effectiveness  of  the  finished  chamber  is  less  than  the  chamber  without  the  test  penetrations,  the 
shielding  is  adequate  to  assure  that  the  “Q”  factor  of  the  chamber  is  not  below  what  is  required  to  meet 
the  qualifications  for  a  tuned  mode  chamber. 

The  chamber  was  also  tested  for  shielding  effectiveness  following  the  eighth  and  eleventh 
reliability  tests,  and  it  was  found  to  still  meet  the  shielding  effectiveness  level  measured  for  the 
modified  chamber.  The  report  of  this  shielding  effectiveness  test  is  shown  in  appendix  V.  According  to 
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Figure  10.0-1:  Reverberation  Chamber  Setup  for  Radiated  Susceptibility  Testing 
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the  National  Institute  of  Standards  and  Technology  (NIST)  criteria  a  good  reverberation  chamber 
should  have  a  stirring  ratio,  which  is  the  difference  between  maximum  and  minimum  signal  strength 
over  a  complete  paddle  rotation,  of  at  least  20  dB.  In  tests  performed  on  the  chamber  the  20  dB  stirring 
ratio  was  met.  Upset  patterns  during  RF  testing  also  verify  a  good  stirring  ratio  for  this  chamber. 

10.2  Long  Wire  Antenna  Installation  and  EM  Field  Mapping 

Part  of  setting  up  the  chamber  includes  installation  and  final  positioning  of  the  long-wire 
antenna,  which  provides  power  to  the  chamber.  For  most  of  its  length,  the  antenna  is  held  away  from 
the  wall  of  the  chamber  by  8”  long  wooden  spacers,  but  in  the  launch  area  it  is  taped  to  a  polyurethane 
foam  shape  that  was  cut  to  the  calculated  launch  geometry.  When  the  wire  antenna  is  accurately  formed 
to  the  launch  shape,  the  VSWR  of  the  antenna  is  less  than  2.0:1  over  most  of  the  frequency  band  from 
600  MHz  to  3  GHz. 

The  test  equipment  setup  used  to  map  the  chamber  is  shown  in  Figure  10.2-1.  The  bare 
chamber  was  mapped  at  a  total  of  18  locations;  a  3  by  3  matrix  of  points  where  each  of  the  test  fixtures 
were  to  be  located.  The  chamber  was  mapped  as  follows:  The  sensor  was  placed  at  one  of  the  test 
locations,  the  door  to  the  chamber  was  closed,  and  the  EM  signal  was  energized.  Then  the  computer 
would  record  the  field  strengths  in  the  X,  Y,  and  Z  directions  from  the  sensor  measurements.  The 
computer  would  then  command  the  stepper  motor  to  move  the  stirring  paddles  to  the  next  position,  and 
after  waiting  several  seconds  for  the  blades  to  stop  moving,  it  would  read  the  data  from  the  sensor 
monitor  again.  Data  was  taken  at  201  discrete  positions  for  one  complete  rotation  of  the  paddle,  or  1.8° 
between  each  position.  The  summary  of  the  test  data  for  the  bare  chamber  is  shown  in  Figure  10.2-2. 
The  mean  signal  strength  values  shown  in  the  summary  indicate  that  the  signal  strengths  do  vary 
somewhat  in  the  chamber,  but  the  test  locations  in  the  center  of  the  test  board,  which  are  close  to  where 
the  signal  couples  into  the  test  fixtures  there  is  less  than  a  1%  difference  between  the  two  boards.  The 
bare  chamber  also  meets  the  20  dB  stirring  ratio  criteria  as  shown  by  the  measured  data. 

The  chamber  was  also  mapped  with  the  two  test  fixtures  in  place,  loaded  with  test  devices,  and 
with  DC  power  applied.  Figure  10.2.3  shows  the  mean  field  intensities  measured  in  the  loaded  chamber. 
Figure  10.2-4  shows  a  top  view  of  the  test  chamber,  the  location  of  the  test  fixtures,  and  where  the 
measurement  sensors  were  located.  These  measurement  locations  are  different  than  those  for  the  bare 
chamber  mapping  because  the  boards  occupy  the  space  where  the  sensors  were  located  for  the  bare 
chamber  mapping.  The  energy  distribution  was  quite  uniform,  which  gives  added  confidence  in  the 
results  from  the  reliability  tests. 

10.3  E-field  vs.  Upset  Test  Data 

A  series  of  tests  were  performed  as  part  of  baseline  testing  to  correlate  the  mean  upset  level 
with  the  mean  E-field  strength,  in  volts  per  meter,  inside  the  stirred  mode  chamber.  A  calibrated  log 
spiral  antenna  was  placed  in  the  center  of  the  chamber  in  addition  to  the  test  fixtures,  and  the  E-field 
strength  was  calculated  from  the  RF  power  measured  at  the  output  of  the  antenna.  The  computer  data 
acquisition  system  logged  the  upsets  experienced  by  the  test  devices,  and  the  RF  power  was  read  and 
recorded  manually  because  the  power  meter  could  not  be  read  by  the  GPIB  bus.  Upset  and  power 
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Figure  10.2-1:  Test  Equipment  Setup  Used  to  Map  Chamber 
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Figure  10.2-4:  Sensor  Locations  for  Loaded  Mapping  of  Reverberation  Chamber 


4 


readings  were  taken  for  every  1.8  degrees  of  paddle  rotation.  This  procedure  was  performed  on  analog 
test  devices  at  power  levels  of  1000,  500,  250,  125,  and  63  watts  at  800  MHz  and  1400  MHz.  This 
procedure  was  also  performed  on  digital  test  devices  at  power  levels  of  1000,  500,  250,  125,  and  63 
watts  at  900  MHz  and  1700  MHz.  The  data  for  each  test  was  put  into  a  spreadsheet  where  the  mean, 
average,  maximum,  and  minimum  values  were  found  for  the  RF  power  and  device  upsets.  A  summary 
of  the  analog  E-field  strength  versus  RF  power  level  and  frequency  data  is  shown  in  Figure  10.3-1.  A 
summary  of  the  digital  E-field  strength  versus  RF  power  level  and  frequency  is  shown  in  Figure  10.3-2. 


11.0  DESIGN  AND  FABRICATION  OF  DIGITAL  AND  ANALOG  TEST  FIXTURES 

The  test  fixtures  were  designed  to  expose  the  test  samples  to  the  EM  environment  inside  the 
reverberation  chamber  over  the  frequency  range  of  500  MHz  to  18  GHz.  Each  test  fixture  is  composed 
of  a  multi-layer  printed  circuit  board  with  test  sockets,  connectors,  and  other  circuit  elements.  The  RF 
energy  couples  into  the  signal  and  power  lines  on  the  surface  of  the  printed  circuit  board  between  the 
central  connector  and  the  ring  of  100  analog  or  digital  test  devices  placed  around  the  perimeter  of  the 
board.  The  test  devices  are  mounted  in  test  sockets  that  allow  easy  removal  and  insertion  of  devices 
between  test  runs.  The  fixtures  were  designed  to  allow  equivalent  RF  exposure  on  all  test  device  input 
lines,  and  to  place  each  device  in  a  nearly  identical  test  configuration.  Shielded  cables  and  connectors 
provide  signal  paths  to  the  external  power  supplies,  test  signal  generators,  and  the  external  test  stimulus 
and  data  monitoring  system.  The  test  fixtures  are  approximately  17  inches  by  19  inches. 

11.1  Digital  Test  Fixture  Design 

The  digital  test  parts  we  selected  are  the  CD54ACT74F3E  (ceramic)  and  CD74ACT74E 
(plastic)  flip-flop.  The  RF  exposure  testing  of  these  devices  consists  of  applying  square  waves  on  the 
data  and  clock  inputs  of  the  test  part  as  illustrated  in  Figure  11.1-1.  The  test  stimulus  and  monitoring 
system  will  look  for  the  correct  passage  of  a  single  output  square  wave  pulse  on  a  continuous  basis.  An 
external  pulse  generator  provides  data  and  clock  signals.  The  clear  signal  will  be  used  to  place  the  test 
device  into  a  known  state  at  the  start  of  the  test.  Power  and  ground  are  provided  using  external  power 
supplies.  The  54/74ACT74  is  composed  of  two  high  speed  digital  flip-flops  in  a  14  pin  DIP  (dual-inline 
package).  Each  digital  test  fixture  has  sockets  to  hold  100  54/74 ACT74  test  devices.  The  signals,  which 
enter  each  of  the  two  coaxial  connectors  on  the  test  fixture,  are  terminated  in  50  ohms,  then  they  feed 
the  D  and  ‘clock”  inputs  of  one  flip-flop  in  each  of  the  100  test  devices.  The  inputs  of  the  second 
flip-flop  in  each  package  are  tied  to  ground  and  its  outputs  are  left  open.  The  output  of  each  flip-flop 
connects  to  a  pin  in  one  of  4  output  connectors  on  the  test  fixture.  The  54/74ACT74  digital  circuit 
requires  a  single  power  supply  voltage  of  approximately  5  volts. 

The  test  circuit  is  implemented  for  100  test  parts  in  a  geometrically  symmetrical  configuration 
on  a  16.4”  X  18.6”  seven  layer  PCB.  A  block  diagram  of  the  circuit  schematic  for  each  flip-flop  on  the 
test  fixture  is  shown  in  Figure  11.1-2.  The  layout  of  the  top  circuit  layer,  which  is  signal  and  power 
distribution  from  the  central  connector  to  the  100  test  devices,  is  shown  in  Figure  11.1-3.  The  bottom 
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Figure  10.3-1:  Analog  E-Field  Strength  vs.  Upset  Summary  Data 
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Figure  11.1-1:  Digital  Device  (54/74ACT74)  Test  Circuit 


Figure  11.1-2:  Circuit  Diagram  (1  of  100)  as  Implemented  on  Digital  Test  Fixture 
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Figure  11.1-3:  Top  Circuit  Layer  of  Digital  Test  Fixture. 


circuit  layer,  which  is  the  output  signal  distribution,  is  shown  in  Figure  11.1-4.  In  addition  to  the  top 
and  bottom  circuit  layers  there  is  a  second  layer  for  signal  and  power  distribution,  two  ground  plane 
layers,  and  two  layers  to  distribute  the  “D”  and  clock  signals  to  the  test  devices.  The  complete  set  of 
layouts  for  the  digital  test  fixture  PCB  can  be  found  in  CLIN  2,  CDRL  A005,  System/Subsystem 
Design  Plan. 

11.2  Analog  Test  Fixture  Design 

We  have  selected  the  OP271  operational  amplifier  as  the  analog  test  device.  The  test  fixture  is 
configured  as  a  unity-gain  amplifier  as  illustrated  in  Figure  11.2-1.  The  RF  exposure  testing  of  these 
devices  consists  of  applying  a  square  wave  to  the  input  of  the  test  part.  The  test  stimulus  and 
monitoring  system  will  look  for  the  correct  passage  of  a  single  output  square  wave  pulse  on  a 
continuous  basis.  As  long  as  the  test  device  is  functional  the  output  signal  will  duplicate  the  signal  on 
the  positive  input.  An  upset/failure  will  be  detected  if  the  monitor  does  not  see  the  passage  of  a  single, 
valid  square  wave  pulse  from  the  test  device. 

The  analog  test  circuit  is  implemented  for  100  test  parts  in  a  geometrically  symmetrical 
configuration  on  a  16.4”  X  18.6”  six  layer  PCB.  A  block  diagram  of  the  circuit  schematic  for  each  op- 
amp  on  the  test  fixture  is  shown  in  Figure  1 1 .2-1 .  The  analog  test  fixture  PCB  layout  is  simpler  than  the 
digital  PCB  because  there  is  only  one  input  signal  per  test  device  and  only  one  signal  distribution  layer 
is  required. 

A  block  diagram  of  the  circuit  schematic  for  each  operational  amplifier  on  the  test  fixture  is 
shown  in  Figure  1 1.2-2.  The  layout  of  the  top  circuit  layer,  which  is  signal  and  power  distribution  from 
the  central  connector  to  the  100  test  devices,  is  shown  in  Figure  1 1.2-3.  The  bottom  circuit  layer,  which 
is  the  output  signal  distribution,  is  shown  in  Figure  11.2-4.  In  addition  to  the  top  and  bottom  circuit 
layers  there  is  a  second  layer  for  signal  and  power  distribution,  two  ground  plane  layers,  and  one  layer 
to  distribute  the  input  signal  to  the  test  devices.  The  complete  set  of  layouts  for  the  analog  test  fixture 
PCB  can  be  found  in  CLIN  2,  CDRL  A005,  System/Subsystem  Design  Plan. 

12.0  DEVELOPMENT  OF  TEST  STIMULUS  AND  DATA  MONITORING  SYSTEM 

A  test  stimulus  and  monitoring  system  was  developed  to  provide  the  test  stimulus  to  the  devices 
under  test  and  record  the  test  data.  A  block  diagram  of  the  system  is  shown  in  Figure  12.0-1 .  It  consists 
of  an  IBM  compatible  computer  with  a  general-purpose  interface  bus  (GPDB)  card,  two  HP8160  dual 
pulse  generators,  two  monitor  boards,  power  supplies,  and  cables.  The  stimulus  and  monitoring  system 
is  connected  to  the  test  fixtures  via  test  cables.  Bench  power  supplies  provide  regulated  DC  power  to 
the  analog  and  digital  devices  under  test  and  to  the  monitoring  boards.  An  oscilloscope  was  also  used 
occasionally  to  observe  device  input  and  output  signals  to  verify  circuit  upsets  or  failures. 

To  apply  the  stimulus  to  the  test  devices  the  computer  first  sets  up  the  pulse  generators  with  the 
correct  pulse  geometry.  It  does  this  through  the  IEEE-488  interface  card  under  program  control.  After 
the  test  is  started,  the  computer  commands  the  pulse  generators  to  transmit  their  signals  to  the  test 
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Figure  11.1-4:  Bottom  Circuit  Layer  of  Digital  Test  Fixture. 
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Figure  1 1.2-1:  Analog  Device  (OP-271)  Test  Circuit 


Device 

Under 

Test 


Figure  1 1.2-2:  Circuit  Diagram  (1  of  100)  as  Implemented  on  Analog  Test  Fixture 
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Figure  1 1.2-3:  Top  Circuit  Layer  of  Analog  Test  Fixture 


Figure  1 1.2-4  Bottom  Circuit  Layer  of  Analog  Test  Fixture. 
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Figure  12.0-1:  Test  Stimulus  and  Monitoring  System 
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devices.  The  monitor  circuit  then  conditions  the  monitor  circuits  to  look  for  this  pulse  in  all  200  test 
devices  and  determines  if  the  100  signals  it  received  were  correct.  The  computer  then  communicates 
with  two  monitor  circuit  boards  through  the  computer’s  parallel  port  to  determine  how  many  devices 
were  upset.  If  any  devices  were  upset  the  computer  commands  the  monitor  circuit  to  dump  the  contents 
of  it  s  serial  register,  which  contains  a  record  of  the  devices  which  suffered  an  upset.  If  no  devices  were 
upset,  the  serial  register  is  not  copied  to  the  computer.  A  simplified  block  diagram  of  the  monitor 
circuit  board  is  shown  in  Figure  12.0-2.  The  computer  repeats  this  process  about  10  times  a  second, 
then  once  each  second  it  stores  the  number  of  upsets  along  with  the  serial  numbers  of  the  devices  which 
suffered  upsets  in  a  file  on  the  hard  drive.  The  monitor  boards  were  located  outside  the  chamber  near  its 
rear  connector  access  panel.  The  test  output  signals  are  carried  from  the  test  fixtures  to  filtered 
connectors  at  the  chamber  wall  through  shielded  cables,  and  from  the  outside  of  the  chamber  to  the 
monitor  boards  via  a  set  of  unshielded  cables.  In  order  to  facilitate  the  tests,  computer  code  was 
developed  to  apply  the  test  stimulus  and  monitor  analog  devices,  and  digital  devices,  and  both  analog 
and  digital  at  the  same  test. 


13.0  CONCLUSIONS  AND  RECOMMENDATIONS 


13.1  Conclusions 

The  analog  and  digital  test  devices  that  were  studied  in  this  contract  are  affected  by 
electromagnetic  radiation.  They  could  be  made  to  upset  at  fairly  modest  levels  of  RF,  but  they  would 
also  recover  quickly  and  completely  from  the  immediate  effects  of  the  RF  exposure  as  determined  by 
the  measuring  tools  we  had  at  our  disposal.  There  appeared  to  be  an  increase  in  the  instantaneous  upset 
rate  of  the  devices  as  a  function  of  time.  The  increase  was  most  noticeable  at  the  beginning  of  the  test, 
then  it  tended  to  level  off  to  a  more  or  less  constant  rate.  The  main  electrical  stress  appears  to  be  caused 
by  energy  coupled  to  the  printed  wiring  conductors  that  are  connected  to  the  device,  not  by  the  electric 
field  at  the  device.  Thus,  the  main  electrical  stress  occurs  to  junctions  connected  to  external  pins. 

Exposure  to  electromagnetic  energy  also  affected  the  measured  parameters  of  the  test  devices. 
Parameter  shifts  were  noticed  in  both  the  control  group  and  the  exposed  lots  of  test  devices,  and  we 
tried  to  determine  if  the  parameter  shifts  experienced  by  the  exposed  parts  were  more  significant  than 
those  of  the  control  group.  There  was  an  increase  in  the  instantaneous  upset  rate  of  the  exposed  devices 
as  a  function  of  time.  Initial  test  data  also  indicated  that  the  parameter  shifts  in  the  exposed  parts  were 
greater  than  in  the  control  group.  Over  time  the  change  in  instantaneous  upset  rate  and  in  the  parameter 
shifts  of  the  exposed  parts  slowed  somewhat,  and  we  determined  that  there  was  not  enough  test  data  to 
predict  the  device  reliability  based  on  shifts  in  the  parameters.  The  results  of  the  analyses  we  performed 
indicated  that  the  data  shifts  were  somewhat  random  and  showed  no  definite  trend  toward  exceeding 
any  of  the  manufacturer's  specifications  but  the  parameters  of  the  devices  exposed  to  RF  radiation  did 
seem  to  drift  more  erratically  than  did  the  parameter  values  of  the  control  lot  devices.  We  would 
therefore  conclude  that  the  effects  of  the  electromagnetic  energy  upon  these  test  devices  were  very 
subtle,  and  no  variation  was  large  enough  to  be  interpreted  as  degradation.  We  were  not  able  to 
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establish  a  definite  relationship  between  the  EM  exposure  and  long  term  device  reliability,  although 
with  more  testing  and  analysis,  this  relationship  might  be  established. 

The  long-term  effect  of  electromagnetic  radiation  was  the  main  thrust  of  this  research  effort. 
Formal  testing  totaled  approximately  2.2  million  device  operating  hours,  which  included  1 .58  million 
hours  of  radiated  electromagnetic  testing  and  0.58  million  hours  of  thermal  and  control  lot  testing.  In 
addition  to  the  formal  testing  there  were  over  1.6  million  device  hours  of  extended  testing,  which 
included  0.87  million  hours  of  radiated  electromagnetic  testing  and  0.76  million  hours  of  control  lot 
testing.  There  were  two  device  failures,  and  these  occurred  in  the  test  groups  that  were  exposed  to 
electromagnetic  energy.  There  were  also  4  devices  for  which  the  parameters  changed  enough  that  they 
exceeded  the  manufacturer’s  specification.  We  consider  these  4  devices  to  have  failed  from  the 
standpoint  that  their  operation  as  part  of  a  system  might  cause  some  type  of  system  failure,  even  though 
the  device  might  still  be  operating.  Because  of  the  failures  it  would  be  reasonable  to  conclude  that 
electromagnetic  exposure  has  a  negative  effect  on  the  reliability  of  these  devices.  With  the  number  of 
failures  that  we  experienced  during  this  test,  we  would  like  to  conclude  that  the  reliability  factor  of 
these  devices  decreased  by  2  to  3  orders  of  magnitude  because  of  exposure  to  electromagnetic  energy. 
But  because  the  number  of  test  hours  was  small  compared  to  the  intrinsic  reliability  of  the  test  devices, 
we  don't  feel  that  it  would  be  fair  or  accurate  to  quantify  the  effect.  It  is  possible  that  these  failures 
would  be  considered  in  the  "infant  mortality"  or  "beginning  of  life”  region  of  the  device  reliability 
curve  and  that  with  more  hours  of  testing  the  failure  rate  might  decrease  to  a  rate  much  closer  to  that  of 
the  devices  that  are  operated  under  normal  conditions.  We  do  not  believe  that  enough  data  has  been 
accumulated  to  be  able  to  assign  a  numerical  value  to  the  electromagnetic  effects  on  the  reliability  of 
the  analog  and  digital  test  devices.  However,  we  do  believe  that  the  effect  of  electromagnetic  radiation 
on  the  reliability  of  electronic  devices  is  real  and  should  not  be  discounted. 

A  number  of  conclusions  were  drawn  from  acceptance  test  results.  For  the  analog  testing,  test 
periods  1  through  4,  three  test  devices  which  were  exposed  to  RF  failed  the  manufacturers 
specification.  Part  3223  (plastic)  failed  the  power  supply  rejection  ratio  test  at  -40  C,  and  parts  4217 
and  4224  (ceramic)  failed  the  input  offset  voltage  specification  at  room  temperature.  There  were  no 
specification  failures  for  the  control  group.  An  analysis  of  the  analog  parametric  test  results  showed 
that  typically  the  test  devices  exposed  to  EM  radiation  had  higher  parameter  shifts  and  included  a 
higher  percentage  of  test  devices  whose  parameters  fell  outside  of  the  major  trendlines  than  did  the 
control  group.  Most  of  the  parameter  changes  to  test  lot  3  occurred  following  the  first  and  second  tests, 
and  by  the  4th  test,  not  too  many  additional  changes  were  noticed. 

For  digital  testing,  there  were  no  outright  failures  in  the  digital  control  group  but  there  was  one 
part  in  test  lot  3D  which  failed  the  Voh  and  V0l  tests  (output  would  not  transition  between  high  and 
low).  In  most  cases  the  devices  exposed  to  EM  radiation  changed  more  than  the  control  group,  but  in 
several  instances  the  control  group  parameter  shifts  were  a  little  bit  larger  than  those  of  the  EM  radiated 
group.  In  the  timing  measurements  more  devices  that  were  exposed  to  EM  radiation  had  large  shifts  or 
step  increases  in  timing  parameters  than  the  reference  group,  and  more  in  the  control  group  had  small 
timing  shifts  or  step  decreases  than  the  EM  radiated  parts. 
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For  thermal  and  life  testing,  the  parameters  of  the  devices  exposed  to  EM  radiation  experienced 
a  little  more  change  than  did  those  simply  exposed  to  the  increased  temperature.  The  devices  exposed 
to  the  higher  temperature  also  changed  a  little  more  than  did  those  of  the  analog  control  group,  which 
was  previously  tested  in  a  room  temperature  low  EM  environment.  The  output  voltage,  common  mode 
rejection  ratio  and  gain  changes  were  about  the  same  for  all  test  lots  without  regard  to  EM  exposure  or 
length  of  exposure  to  the  85  degree  C  temperature.  The  power  supply  rejection  ratio,  the  plastic  device 
room  temperature  input  bias  current  test,  and  the  slew  rate  and  power  supply  currents  for  the  plastic 
devices  all  changed  more  in  the  reference  test  lot  than  in  the  thermal  test  and  life  test  lots.  This  is 
opposite  of  what  we  would  have  expected,  but  the  parameter  shifts  remained  well  within  specification, 
and  are  all  fairly  small.  For  the  remainder  of  the  test  parameters  there  was  a  high  degree  of  correlation 
between  parameter  change  and  exposure  to  EM  radiation  and  temperature.  The  net  effect  we  observed 
was  that  the  tests  parameters  of  the  thermal  and  life  test  devices,  lot  10,  appeared  to  change  more  than 
the  thermal  test  devices,  lot  9,  which  appeared  to  change  more  than  the  short-term  EM  exposed  devices, 
lots  1 1  and  12,  which  appeared  to  change  more  than  the  control  group  devices,  lot  8.  The  only  minor 
discrepancy  is  that  test  lot  9,  which  was  subjected  to  an  85  degree  C  thermal  environment,  but  no  EM 
radiation,  appeared  to  change  more  than  lots  1 1  and  12,  which  were  subjected  to  an  EM  environment  at 
85  degrees  C.  But  the  parts  of  lot  9  were  in  test  for  4  periods,  a  total  of  120  days  while  test  lots  1 1  and 
12  were  only  in  test  for  30  days  each.  This  indicates  that  length  of  exposure  is  a  factor.  A  comparison 
between  the  thermal  and  life  tests  and  of  the  analog  tests,  especially  between  lot  10A  with  lot  3 A  shows 
that  the  data  shifts  are  of  approximately  the  same  magnitude.  This  would  indicate  that  the  effect  on 
device  parameters  is  not  thermally  related,  but  related  more  to  the  time  and  intensity  of  exposure  to 
electromagnetic  energy. 

For  wideband  testing,  the  test  lots  exposed  to  EM  radiation  had  higher  parameter  shifts,  and 
also  had  more  devices  whose  parameters  were  outside  of  the  major  trend  lines,  than  did  the  control 
group.  The  digital  devices  exposed  to  wideband  EM  radiation  had  more  devices  with  large  shifts  or  step 
increases  than  did  the  control  group,  but  there  were  several  parameters  for  which  the  results  were  not  so 
clear-cut. 

The  failure  analysis  (see  section  3.5)  performed  on  the  failed  digital  parts  did  not  offer  any 
conclusions  other  than  the  fact  that  several  circuits  on  the  die  were  shorted  to  the  positive  power  supply 
terminal  and  that  the  ground  lead  bond  wire  had  melted,  apparently  due  to  over  current  stresses.  It  was 
not  possible  by  the  visual  inspection  method  to  determine  any  degradation  to  the  parts  that  had 
experienced  parameter  shifts. 

13.2  Recommendations 

Additional  radiated  testing  is  needed  to  be  able  to  further  characterize  the  behavior  of  the 
electronic  devices  in  an  electromagnetic  radiation  environment.  The  test  devices  need  to  be  exposed  to 
electromagnetic  radiation  over  longer  periods  of  time  to  either  establish  or  discount  the  subtle  trends 
that  were  noticed  in  this  study.  Testing  needs  to  be  done  with  continuous  wave  (CW)  RF  signals  as  well 
as  low  duty-factor  pulsed  CW  waveforms  to  differentiate  between  stresses  that  might  be  thermal  in 
nature  and  those  that  are  not.  If  all  other  test  conditions  were  equal,  CW  signals  would  normally  induce 
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more  heating  in  a  device  than  would  a  pulsed  waveform  and  high  power  low  duty-factor  pulsed 
waveform  would  impose  higher  voltage  stresses  than  would  the  CW  waveform.  All  of  our  testing  was 
performed  using  a  pulsed  CW  RF  power  source. 

An  analysis  to  predict  the  voltages  induced  in  the  circuit  traces  should  be  performed.  This 
would  determine  the  level  of  stress  on  the  device.  Junction  temperatures  could  be  calculated  using  the 
thermal  properties  of  the  device.  Since  the  excitation  is  a  transient  pulse  of  about  1  n  s  duration,  a 
transient  thermal  analysis  should  be  performed.  The  rate  at  which  energy  is  deposited  into  the  device  is 
much  faster  than  the  rate  of  thermal  diffusion.  The  junction  temperature  of  p-n  junctions  inside  the 
device  can  be  expected  to  have  a  much  higher  temperature  than  the  case. 

Since  the  main  effect  of  the  radiation  is  energy  coupled  to  the  external  wiring  connected  to  the 
device,  direct  current  injection  tests  might  be  beneficial.  This  would  provide  good  control  over  the  test 
conditions.  The  voltage  drive  would  be  known  and  controllable.  Some  or  all  of  the  pins  could  be 
driven.  The  degradation  levels  could  be  related  to  exposure.  Analysis  would  relate  the  currents  on  the 
external  wiring  to  an  external  field  environment. 

Since  the  semi-conductor  junctions  that  are  connected  to  external  pins  are  stressed  the  most, 
they  are  most  likely  to  be  degraded.  Degradation  may  be  detected  by  making  electrical  parameter 
measurements  on  those  pins  to  locate  suspected  damaged  areas.  Once  potential  damaged  areas  are 
identified,  the  internal  inspection  failure  analysis  may  be  used  to  validate  the  suspected  damage, 
although  internal  inspection  may  not  be  able  to  identify  the  suspected  damage.  The  issues  associated 
with  detecting  latent  damage  due  to  electrostatic  discharge  (ESD)  are  similar  to  those  on  this  program. 
The  ESD  community  has  used  internal  inspection  failure  analysis  to  show  damage  to  a  device  that  still 
meets  its  manufacturers  specification.  This  same  techniques  may  be  applied  to  parts  damaged  by 
electromagnetic  exposure.  (Reference  14.3). 
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Mathematical  Approach  to  Reliability  Calculation 


1 .0  Summary 

The  reliability  modeling  consisted  of  studying  and  analyzing  the  effects  of  the  EM  radiation 
exposure  in  terms  of  the  statistical  variation  of  the  integrated  circuit  performance  parameters  and 
the  conceptual  development  of  electronic  device  reliability  models.  Electronic  device  reliability 
models  employ  statistical  circuit  parameters  and  EM  effects,  the  integrated  circuit  parameter 
means  and  standard  deviations,  and  associated  sensitivity  derivatives  for  the  reliability  of  the 
electronic  devices. 

The  conclusions  of  the  study,  in  summary,  are  that  working  reliability  models  can  be 
developed  for  electronic  devices  that  predict  the  reliability  of  individual  parts  and  systems  of  parts 
in  environments  that  are  exposed  to  electromagnetic  radiation.  The  nature  of  a  working  reliability 
model  is  that  initially,  during  its  early  development,  the  error  sensitivity  derivatives  for  predicted 
device  reliability  can  be  estimated  by  using  whatever  data  and  estimators  are  available.  As  more 
experience  is  obtained  with  the  particular  electronic  devices,  then  the  quality  of  the  sensitivity 
derivative  estimates  is  improved  and  the  associated  1  —  (X  confidence  intervals  for  the  predicted 
reliability  of  the  electronic  devices  is  increased. 

For  example,  the  reliability  of  an  electronic  device  in  an  electromagnetic  effects  environment 
is  said  to  be  predicted  accurately  with  a  confidence  of  1  —  a .,  i.  e.  is  claimed  to  be  within  a  set  of 
stated  limits  with  a  percentage  confidence  of  1  -  a  . 

1.1  Statistical  Significance 

The  concept  of  a  specified  confidence  interval  and  the  computed  range  within  which  an 
associated  standard  deviation  a  falls,  provides  a  means  with  which  to  define  and  measure  the 
statistical  significance  of  a  result  and  conclusion.  Further,  statisical  significance  as  presented  in 
this  document  is  a  statistical  data  quality  indicator  for  sampled  statistical  data. 

1.2  Reliability 

A  quantiative  reliability  assessment  covers  the  probability  of  occurrence  and  the  magnitude  of 
the  consequence  of  failure.2  p  45-8  Assessment  of  failure  consequence  is  probably  more  the  task  of 
design,  but  it  cannot  be  neglected  in  a  reliability  assessment,  particularly  when  assigning  reliability 
targets  or  allocating  reliability  to  subsystems.  Refer  to  the  reference  for  more  insight  and  details. 

1.3  Summary 

The  conclusions  of  the  study,  in  summary,  are  that  working  reliability  models  in  accordance 
with  the  techniques  and  results  defined  in  this  report  can  be  developed  for  electronic  devices  that 
predict  the  reliability  of  individual  parts  and  systems  of  parts  in  environments  that  are  exposed  to 
electromagnetic  radiation. 


2.0  System  Error  Analyses  in  General 

A  systems  error  analysis  examines  the  ability  of  a  system  to  meet  specification 
requirements  for  various  functions.  Generally,  specification  requirements  are  dictated  by 
specification  documents,  analyses  reference  pertinent  specification  paragraph  numbers,  and  in 
conclusion  the  results  of  the  system  error  analyses  define  and  confirm  the  predicted  performance  of 
the  system.  Typically  effects  that  are  not  accounted  for  by  analyses  are  listed,  and  could  include 
items  such  as,  for  example,  inter-instrumentation  cabling,  different  ground  plane  potentials, 
antenna  ground  plane  variations,  and  environmental  specifications  that  are  called  out  at  the 
subsystem  and  instrumentation  documentation  level. 
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The  final  output  of  each  error  analysis  is  a  statistical  number  to  show,  i.  e.  that 
presents  and  is  equal  to,  the  expected  error  in  performing  a  particular  function.  In 
general,  the  error  presented  is  that  for  the  standard  deviation  1  cr  unless  the 
specification  specifically  reflects  a  2  cr  or  3  cr  confidence  level  requirement. 

The  format  of  each  error  analysis  consists  of  an  introduction  with  a  descriptive 
narrative,  generally  accompanied  by  a  block  diagram  that  describes  the  signal  flow  and 
the  contributing  sources  for  the  error.  The  error  distribution  for  each  contributor  is 
assumed  to  be  Gaussian  unless  otherwise  noted. 

The  error  tolerances  used  in  an  error  analysis  are  stated  in,  implied  by,  or 
assumed  by  the  performance  requirements  for  each  error  contributor;  and  the  error 
tolerances  are  obtained  from  either  the  specification  drawings  or  specifications,  testing, 
or  from  an  engineering  estimate  based  on  experience.  Typically,  the  error  budgets  used 
in  an  error  analysis  are  updated  periodically  as  more  information  is  received  during 
testing  and/or  manufacturing. 

The  standard  deviations  for  the  individual  performance  parameters  specify  the 
errors  associated  with  the  individual  error  contributors.  Typically  the  standard 
deviations  for  the  performance  parameters  are  described  by  using  the  associated  error 
tolerances  and  appropriate  statistical  error  probability  density  distributions,  i.  e. 
functions,  such  as  Gaussian  or  uniform  distribution  in  order  to  characterize  and  model 
the  effects  of  the  error  contributors.  Next,  the  standard  deviations  for  the  individual 
error  contributors  are  computed  by  using  analyses  that  are  based  on  the  statistical 
error  probability  distributions  that  were  chosen  to  describe  each  of  the  performance 
parameters. 

The  results  of  the  system  level  error  analyses  are  obtained  by  computing  the 
standard  deviation  of  the  performance  for  each  complete  system.  In  order  to  compute  a 
system  level  performance  standard  deviation,  using  a  first  level  approximation,  assume 
it  is  obtained  from  the  1  cr  values  of  the  associated  individual  error  parameters  by 
RSS’ing  them  together,  i.  e.  by  taking  the  square  root  of  the  sum  of  the  squares  of  the 
individual  error  parameter  1  <j  values.  When  necessary,  in  order  to  more  accuately 
represent  the  system  level  error  function  in  terms  of  the  1  cr  values  of  the  individual 
error  parameters,  use  error  sensitivity  derivatives  and  the  following  expression  in  order 
to  compute  the  system  level  error  function,  i.  e.  in  order  to  compute  ax  where 


Finally,  in  conclusion,  each  system  level  error  analysis  is  concluded  with  a  listing  of 
the  associated  error  tolerances,  error  parameter  budgets,  and  a  summary  description  of 
the  error  analysis. 

2.1  Probability  Error  Distributions 

In  order  to  characterize  the  system  error  parameters  for  use  in  a  system  level  error 
analysis,  select  an  error  distribution  for  each  contributing  error  parameter.  For 
example,  select  error  distributions  from  the  following  probability  density  functions  and 
then  use  the  associated  expressions  in  order  to  compute  the  standard  deviation,  1  a  , 

values  from  the  parameter  error  tolerances,  Vt  and  Vm  . 


-I 


' dX 

\ 

U a 

<X 

which  is  described  below  in  6.7. 
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2.1.1  Uniform  Distribution: 


I 

I 


2.1.3  Gaussian  Distribution  (using  99.74  %  tolerance  values): 


2.1.4  Digital  Quantizing  Error  (Uniform  Distribution): 


a  = 


A 

Vl2 


l 


Ve  =A/2 


y.-K _ ±_ 

°  s  2  Vl2 


where  A  is  the  quantizing  step  value. 


3.0  System  Error  Analysis  for  a  System  Level  Error  Function 

The  following  derivation  presents  the  developments  for  a  statisical  analysis  that 
describes  the  statistical  attributes  of  a  system  level  error  function  8  X  in  terms  a  set  of 

independent  and  measureable  parameters  Q{ . 

The  function  X  is  defined  as  X  =  X: +8 X  ,  where  X0  is  the  zero  error  value 
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for  X  and  8  X  =  ^ 


dX 


t tdQ, 


8  Qj .  For  example,  the  function  X  could  be  defined  as  the 


reliability  of  a  system  with  measurable  system  parameters  Qt . 


The  quantities 


dX 


0Q, 


are  the  error  sensitivity  derivatives  of  X  due  to  the 


parameters  Qt  and  are  estimated  and  evaluated  for  the  system  parameters  Ql  at 
8  Qj  =  0 ,  i.  e.  when  the  system  parameter  value  deviations  from  their  mean  values,  /Uj 
are  zero. 


The  parameter  value  deviation  8  Qj  is  the  ith  error  parmeter  which  is  described  by 
an  appropriate  probability  distribution  such  as  a  normal  distribution, 

Normal{8  Qt  ,  0  ,  <JQ  2  j  ,  or  a  uniform  distribution,  Uniforrris  Q:  ,  0  ,  aQ  2 ) .  For  such 
normal  and  uniform  distributions,  as  represented  by  these  expressions,  the  means  have 
values  of  zero,  fj.t  =  0 ,  and  the  variances  are  2 . 


The  sensitivity  derivatives 


0Q, 


can  be  evaluated  if  an  analytic  expression  can  be 


written  for  X  which  includes  the  parameter  value  deviations  8  Qt  ,  which  correspond  to 
the  mean  values  jJ.:  for  the  parameters  Q, ,  in  the  correct  functional  relationship  to  X  . 


3.1  Empirical  Sampled  Data  Technique 

Alternate  sampled  data  techniques  can  be  used  that  include  obtaining  an  analytic 
expression  for  X ,  an  empirical  form  for  X ,  or  a  combination  of  empirical  data  and 
analytic  expressions.  Then  use  a  Monte  Carlo  analysis  in  order  to  evaluate  Xf  for 
i  —  1  to  N  and  use  the  resulting  data  in  order  to  calculate  the  sample  statistics  jUx 
and  <j x  for  X .  Therefore,  use  the  following  expressions  to  estimate  <JX  for  the  system 
function  X : 


-  1 


x  =  -fiY.xi  and  =  y 

The  Monte  Carlo  analysis  loop  is 
Monte  Carlo  Loop  7  =  1  to  N 


Yjx2-n*x2 


N- 1 


Evaluate  X{I)  by  selecting  8  Qt  using  appropriate  probability  distributions  and 
empirical  or  analytic  data. 

End  of  loop 

3.2  Analytic  Development 
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For  a  function  X  the  system  error  analysis  development  is 
X  =  X0  +  8 X  where  X0  is  the  zero  error  value. 

As  mentioned  above,  the  sampled  data  statistics  for  the  mean  and  standard  deviation, 
Hx  and  <7X  ,  can  be  obtained  for  X  when  empirical  data  is  available  for  X  by 
using  the  following  expressions. 

X  -  77X^1  >  3X1(1  X,  =  X0+5X,  . 

When  X0  =  0  ,  X  =  0  ,  and  the  measured  data  is  j<?>  X ]  | ; 

then  Xj  =  S  X j  and  therefore, 


N  2 


°X  = 


'rrl'Ar'J 


= 


1  N 


When  X  can  be  represented  by  using  an  analytic  form,  then  use  the  following  analysis 
in  order  to  obtain  the  variance  of  X ,  i.  e.  (7 x2 .  Using  the  definition  for  the 

expected  value  of  <JX  2  yields 


<r,!  =  e[(x  -  ft, )2]  =  £[x!  -  2XMx+ Ml2] 


Since  X  =  X0  +  ^ -  5  Q,  ,  where  X0  is  the  zero  error  value  for  X . 

/=i  dQi  0 

Therefore, 

x  -x°  'llQ,a5Q]  +2M  sq 


X=X°+%1^, 


*-«+M.'aV2U$Lta  \%.ta'+2x-i%.ta 

L  -1  i<j 

and  where  from  above, 
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<7!=£[^]-2///+V 

o2=e[x2]-hx2 


Then 


4v!]  =  X„j+£ 


I 

/=! 


*0 


+  2X0£ 


t?*0 


*0 


*0 


+  2  £ 


AT  A2 

IS 

1=1  7=1 
«7 


dX 


SQ> 


8Qi 


dX 


8Qj 


8Qj 


+... 


Hx=E[X]=X,+E[8X]=X,+E 


tdx 


tidQ, 


SQ, 


and  for  8  Qt  uniformly 


distributed  about  zero  or  normally  distributed  about  zero  then  £[^2fj  =  0. 
Then,  px  =  X0  .  Therefore 


e[x2}  =  X2+E 


I 

1=1 


SQ, 


8Q, 


+  2  E 


/  \  2 
N  '  dX 


N  N 

IS 

/=!  7=1 

'<7 


/<  j  0 

the  covariance  of  5Qi  8  Qj  ,  i.  e.  cov|<J  Qt  8  Q}  j  is  given  by  the  expression 

cov[^0^.]  =  £[^0^]-//,//, 

cov  [■50  <50]  —  pGi  o j  where  p  is  the  correlation  coefficient  for  the  parameters 

0  and  Qj . 

When  p,  =Pj=  0  then  cov[j  Q,  8Q^  =  e\s  Q.  5  Qy]  and  also, 
a,2  =E[SQ,2]. 


dX 


SQ, 


8  Qi 


dX 


SQ, 


8Q> 


Therefore, 


£[  X2]  =  X2+Y, 


i=l 


6X 


SQ, 


\2 


N  N 


07 


-,2+2lI 


1=]  7=i  \  SQi 


dX 


><J 


0' 


dX 


\dQj 


pai  cr 


07 


Then  since  as  stated  above  cr2  —  £^X2j  —  px2  and  for  8 Qi  uniformly  or  normally 
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distributed  about  zero,  as  assumed  above,  then  /lx  =  0  and 


,  £ \dx  \  ,  ax  sx 

=  Z  F7T  +2LL  FW  -TFT  Pa>°i 
i=\ \dQ,  0J  1=1  >1  \dQ>  ) 

i<j 


Finally, 

for  0%  correlation  between  the  errors  parameter  8Q, ,  then  p  =  0  ,  and 

/  \2 
n  xy 

2  _  V  — A  rr1 

°x  dO  ' 

<= i  \  0) 

for  100%  correlation  between  the  errors  parameter  8  Q, ,  then  p  -  1 ,  and 


O’x2  =Z 


£iV& 


dX  dX 

a>  0Q  fiQ  °>  aj 

<=1.  7=1  0 )\a^J  J 


3.3  Example  of  a  System  Error  Analysis  for  a  Function  R 

Define  the  system  error  function  8  R  in  terms  of  the  system  parameter  value  errors 

8  x  and  8y  where 

R  =  R0+8R  ,  x  =  x0+8x  ,  y  =  y0+dy 

and  R  =  y]x2  +y2 

Therefore  the  associated  system  error  sensitivity  derivatives  for  x  and  y  can  be 
derived  using  the  following  approach. 


R  =  <J(x0+8x)2  +(y0  +  8y) 


88 x  88 x 

8R  1  dx  1  0  dx  _  \_  d8x  _  _1_ 


dR  1 

-  =  —  and  similarly, 

dx  „  R 


dR  1 

Therefore  the  system  error  8  R  for  the  function  R  can  be  described  in  terms  of  the 
x  and  y  parameter  errors  value  8x  and  8 y ,  as  presented  above  for/?  — 0  which 
correseponds  to  0%  correlation  between  the  errors  parameter  8Q,  ,  i.  e.  between  8x 
and  8  y . 
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^  dR 

sr=i^:q' 

8R  =  ~^8x  +  —5y  where,  for  example,  Sx  and  Sy  could  be  assumed  to  be 

described  by  the  uniform  error  probability  distributions  Uniformed  x  ,  0,crt2)  and 
Uniformed y  ,  0  ,  c^2  j  respectively. 

Notice  for  a  uniform  probability  distribution,  Unifornid  Q;  ,  0  ,  aQ  2  j ,  that 

f  (X) 


Mx~a  )Jx+a 

Figure.  Uniform  Probability  Distribution,  Uniform(x,  jUx,  ax 2) 


/(*)- 

0  x  <  /ux- a  ,  jux  +  a  <  x 


x  =  |  x  f(  x  )dx  = 


/j„-a 

x  =  Hx 


1  x2 

Mr+a  j 

(fix  +a) 

I2  1 

{Mx  ~a) 

f 

1  | 

2  a  2 

2  a 

M.-o 

2 

2 

2a ' 

[2  nx  a\ 

°x  =  \(x-ftx)2  fix)  dx 

Mx~o 

<xx2  =  ri^x- nx)2\  =  e[x2 -2  Mxx  +  Mx2] 

ax  =E[{xf}~2^2  +MX2 
*x2  =  E[(xf]- Mx2 
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fix+a 

=  \X 
fi,-a 

2  \\U+af  {^~a)\  ..2 

°x  =T~\{lJxl  +3m,2  a  +  lMxa2  +«3)-(/^x3  -3//,2  a +  3/4  a2  -tf3)]"/'/ 

6 a L' 

CT-!=^2fl+2a,]-/''2=T 

a 

°X  =  S 

Finally,  from  the  analyses  presented  above,  the  standard  deviation  o R  for  the  error 
in  R,  SR,  is  given  by  the  following  expressions  in  terms  of  the  standard  deviations  for 
the  errors  in  Sx  and  8 y  and  the  sensitivity  derivatives  of  R  to  the  errors  in  S  x  and 
Sy  as 

y 

cr.2  using  the  expression  from  6.7.2  and  where,  therefore 
<k 


/(*)  dx~Mx 


,  Vx+a 

=  —  \x2  dx 


3|^+fl 


M,2  = 


2  a  3 


Then,  using  the  developments  above  for  a  uniform  distribution,  CJX  and  <Jy  are 
given  by  the  expressions 

ax 

ar  =  —j=  and 

*  V3 


where  ax  and  ay  are  the  assigned  expected  typical  maximum  observed  errors  in  x 
and  y  respectively. 


Similarly  and  alternatively,  the  normal  distributions  Normal(8 x  ,  0  ,  crx2)  and 

Normally  ,  0  ,  a2 )  could  be  used  in  order  to  characterize  and  describe  the  errors  in  x 

and  y.  For  normal  distributions  with  3  sigma  99.74  %  case  parameter  tolerance  value 
limits,  then  use 


and  cry 
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4.0  Confidence  Interval,  1  -  a ,  for  a  Sample  Size  N  and  Statistical  Significance 

The  analysis  below  describes  and  defines  how  to  use  the  idea  of  interval 
estimation,  the  concept  of  a  confidence  interval,  in  order  to  compute  the  sample  size  N 
required  in  order  to  estimate  a  standard  deviation  a  with  a  1  -  a  confidence  interval,  i. 
e.  specify  that  o  is  within  a  computed  range  with  a  confidence  of  1  -  a  _  1  p.  234-235  problems  4,  5 
Additionally,  the  concept  of  statistical  signficance  is  introduced,  defined,  and  evaluated. 

4.1  Statistical  Significance 

Statisical  significance  as  presented  in  this  document  is  a  sampled  data  quantity,  a 
quality  indicator  for  statistical  sampled  data.  This  new  definition  for  statistical 
significance  provides  a  means  with  which  to  define  and  measure  the  statistical 
significance  of  a  result  and  conclusion.  Further,  this  definition  is  based  on  the  concepts 
of  specifying  a  confidence  interval  and  then  estimating  an  associated  parameter  value 
range  within  which  a  standard  deviation  c  is  expected  to  reside  with  a  confidence  that 
is  equal  to  the  specified  confidence  interval. 

Specifically,  the  statistical  significance  of  a  set  of  statistical  sampled  parameter 
data,  i.  e.  the  quality  of  the  sampled  data,  is  defined  as  being  equal  to  the  inverse  of 
A% .  This  quantity,  A%  ,  is  the  maximum  expected  percentage  plus  or  minus  error, 
deviation,  or  range  of  the  statistical  data  parameter  that  is  being  sampled.  This  is  an 
important  representation  for  statistical  data  that  is  defined  as 

Significance  = - x  1 00 

6  J  A% 

It  is  believed  that  this  unique  definition  for  statistical  significance  is  being  defined, 
specified,  and  used  here  for  the  first  time  in  this  document.  The  advantage  of  this 
definition  and  usage  of  statistical  significance  is  that  it  presents  a  meaningful  way  in 
which  to  measure  the  quality  of  any  statistical  data  that  is  being  sampled;  it  is  inversely 
proportional  to  the  expected  maximum  percentage  plus  or  minus  error  in  the  sampled 
data;  and  it  provides  a  consistent  means  for  calculating,  discussing,  and  comparing  the 
statistical  quality  of  sampled  data. 

Also,  and  conversely,  the  maximum  expected  plus  or  minus  percentage  error  of 
sampled  data,  A% ,  is  inversely  proportional  to  the  statistical  significance  of  the 
associated  sampled  data  set  and  is  given  by  the  expression 

A%  =  — — — - xlOO. 

Signijicance 

In  summary,  the  meaning  coined  and  presented  in  this  document  for  statistical 
significance  is  well  defined  and  provides  an  intuitive  and  qualitative  statistical  concept 
for  describing  the  goodness  of  sampled  data. 

Also,  notice  that  previously  statistical  significance  has  been  used  in  association 
with  confidence  interval  hypothesis  testing  in  order  to  refer  to  the  probability  of  making 
an  error,  i.  e.  the  probability  of  rejecting  a  hypothesis  when  in  fact  the  hypothesis  was 
true.  In  such  an  instance,  for  example,  this  probability  of  rejection  was  called  the 
significance  level  of  the  statistical  test.  Therefore  in  some  prior  works,  the  significance 
level  of  a  statistical  test  has  been  defined  as  the  probability  that  a  test  statistic  yields  a 
false  conclusion,  makes  a  contradictroy  measurement,  or  measures  erroneously  the 
weight  of  the  evidence  favoring  rejection.3  p  173  Specifically  notice  that  this  definition, 
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described  in  this  paragraph  only  for  reference  purposes,  is  not  being  used  in  this 
document. 

4.2  Analysis  for  a  Confidence  Interval  of  1  -a  for  a  Sample  Size  of  N 

The  question  answered  by  the  following  analysis  is,  what  is  the  sample  size  N  that 
is  required  in  order  to  compute  a  standard  deviation  C7  such  that  it  is  known  to  be 
within  a  required  range  with  a  confidence  of  l  — O',  or  equivalently,  with  a  percentage 
confidence  of  (l-a)lOO  %?  For  example,  if  the  percentage  confidence  is  95  %,  then 
a  =  0.05 .  In  the  analysis  below,  a  is  used  in  order  to  compute  the  required  sample  size 
N,  the  maximum  associated  percentage  error,  A ,  in  the  standard  deviation  o 
computed  with  a  sample  size  N,  and  the  associated  interval  range  for  o ,  i.  e.  the  span 
ex.,  <  a  <crw  within  which  O  resides,  or  equivalently  can  be  said  to  reside,  with  a 
stated  confidience  of  1  -  a .  Also,  specifically  notice  that  <7  is  said  to  be  greater  than 

crMin  and  less  than  o  Max  . 


4.3  The  Analysis 

Although  the  following  analysis  can  be  decribed  as  thorough,  or  at  least 
complicaated,  it  has  the  advantage  of  being  fundamentally  rigorous  in  its  approach. 
Also,  and  even  thought  the  presentation  is  rigorous,  it  has  the  benefit  of  leading  to  and 
reducing  to  a  small  set  of  simple  statistical  equations.  These  equations  are  generally 
applicable  in  order  to  evaluate  and  ascertain  the  statistical  significance  of  the  results 
obtained  from  sampled  data  analyses. 

Paraphrasing,  the  summary  equations  below  are  applicable  to  most  statistical 
problems  where  the  sample  size  is  in  excess  of  30;  and  these  equations  can  be  used  in 
order  to  establish  that  the  results  from  statistical  analyses  are  significant  or, 
equivalently,  have  significance,  i.  e.  are  significant  in  accordance  with  the  associated 
confidence  interval  statements  that  are  specified. 

The  following  example  and  question  is  analyzed  and  answered  in  the  subsequent 
sections. 

Question:  For  a  confidence  of  1  -a,  what  is  the  sample  size  N  that  is  required  in 
order  to  compute  an  estimated  value  for  O’  that  is  in  error  by  less  than  A  percent? 
Also,  specify  the  statistical  signifcance  of  the  computed  value  of  o ,  i.  e.  the  sampled 
standard  deviation  s,  by  computing  the  large  sample  1  -  a  confidence  interval  for  a ,  i. 
e.  the  1  -  a  confidence  interval  range  values  of  s. 


4.3.1  Chi-Squared  Confidence  Intervals  for  Variances 

From  a  fundamental  theorem  of  statistics, 

If  s 2  is  the  variance  of  a  random  sample  of  size  n  from  the  normal  population 
Normal(x,fi,o2),  then  {n  -  i)S/.2  has  a  chi-squared  distribution  with  n-1  degrees  of 


freedom.1  p  195 


Notice  that 


(n  ~  1)  y  (*<  x) 

o-2  h  («  -  0 


o  J 


Therefore,  using  the  chi-squared  distribution,  it  can  be  stated  using  the  theorem 
above  that  the  probability  that  %2\-a/2  ,n-i  <  (« ~  l)5/^  <  X* <*12  ,»-i  is 
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true,  is  equal  to  1  -  or.  In  this  expression  y2  a,v  is  the  chi-square  distribution  random 
variable  with  V  degrees  of  freedom.  Then  from  the  chi-square  distribution  it  can  be 
stated  that  the  probability  that  y2  is  greater  than  y2a,v  is  equal  to  a  ,or,  equivalently, 

P{x2a,v  <X2)  =  a 

Also,  when  V  is  greater  than  30  then  the  chi-square  distribution  is  usually 
approximated  with  a  normal  distribution.  1  p- 197  Equivalently,  then,  the  theorem  above 
can  be  stated  as 


l-a/2 


<  X  a!2.n-\ 


1  -or 


Then  equivalently,  this  expression  can  be  restated  in  terms  of  the  variance  cr2  as 


o»-iy 

X  a/2  ,  m-1 


X  l-a/2, m-1 


1  -  or 


and  where  this  probability  statement  is  illustrated  in  the  following  figure  by  a 
chi-square  probability  distribution. 


Figure.  Chi-Square  Distribution  for  a  1  -  or  Confidence  Interval 

4.3.2  Standard  Normal  Confidence  Intervals  for  Variances 

Next,  observe  that  the  distribution  used  to  define  a  1  —  or  confidence  interval  for  the 

standard  deviation  <7  for  a  system  with  a  variance  sampled  parameter  s2  and  a  large 
sample  size,  can  be  approximated,  as  illustrated  below,  by  a  standard  normal 
distribution. 


Figure.  Standard  Normal  1  -  or  Confidence  Interval  Distribution 
Observe  that  a  fundamental  theorem  of  statistics  states  that 

If  x  is  the  mean  of  a  random  sample  of  size  n  from  the  normal  population 
Normal{x ,ju  ,  cr2) ,  then  the  sampling  distribution  of  x  is  the  normal  distribution 
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Normalise  ,/J.  ,  °//jj  -1  p  191  This  statement  can  be  justified  by  the  Central  Limit 

Theorem  when  n  is  sufficiently  large.1  p  187 

Similarly  assert,  with  a  probability  of  1  -a,  that  the  distribution  for  the  sampled 
standard  deviation  random  variable  s  for  a  1 —  OC  confidence  interval  can  be 
approximated  by  a  normal  distribution  having  the  mean  /u'  =  o  and  the  variance 

a'2  -  a/2  ft  -1  p  234  Also,  notice  that  s2  is  the  sampled  variance  of  a  random  sample  of 
size  N  from  the  normal  population  Normal[x ,  fl  ,  o  ) . 

Then,  using  the  normal  distribution  Normal(Z ,  fl'  ,  cr'  )  yields 


1  s2  <  s  <  S, 


which  leads  to 


H- 


with  the  normal  distribution 


Normals, /u' ,  a'2) 


s2-m'  s-ju' 


p\  -1 — <  - f—  <  — — —  =  1  -  a  with  the  standard  normal  distribution 

V  o'  cr'  a'  ) 


Normal[^  -  / -,0  ,  cr'2j  -►  Normal(z,0  ,  a'2) 


Then 


^2  ~  M'  s-fi' 

ex'  o’  o' 


~Z°A<  fa 

i — -j  <-i 

J2N  cr  JlN 

Z«A  s  . 

JlN  cx  JlN 


i ,  V )<  i  <i ,*> 

H  JlN)  o  s{  pN 


and  therefore 
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<  a  < 


U/2 N)  ‘'{JIN) 

which  is  the  large  sample  1  —  a  confidence  interval  expression  for  c .  1  p  235 


Also,  P 


JlN 


<  <7  < 


=  1  -a 


In  order  to  compute  the  1  —  CC  confidence  interval  for  a  computed  standard 

/  1  —  CC 

deviation  s,  specify  1  -a,  compute  %  and  —7—,  observe  that 


P\0  <  Z  <Z^J  —  ^  >  an<^  then  look  up  Zy  in  a  table  for  the  Standard  Normal 

Distribution  values.  Finally,  in  order  to  define  the  statistical  significance  of  the  data 
measured  for  the  standard  deviation  s,  compute  the  1  —  or  confidence  intervals  for  <j  by 
using  the  large  sample  l  —  a  confidence  interval  expression  for  a  above. 

4.3. 3. 3  Maximum  Percentage  Error  with  confidence  of  1  -  or 

The  maximum  percentage  error,  A,  in  the  standard  deviation  s  is,  with  a 
confidence  of  1  -  a  ,  given  by  the  following  expressions 


A%  =  a°  GMm  100  where  crn  =  ° Max  °~M'' 


and  from  above  aMm  = 


J2N 


°Max  = 


J2N 


Then  these  expressions  when  substituted  together  reduce  to 
Z“/ 

A%  =  —j=^=  100. 

J2N 

Finally,  the  sample  size  required  in  order  to  obtain  a  percentage  error  in  the 
standard  deviation  s  of  less  that  A  with  a  confidence  of  1  —  (X  is  given  by  the  expression 
above  by  solving  for  N. 


Therefore  N  = 


2  A% 
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Additionally,  as  presented  and  discussed  below,  statistical  significance  could  be 

1  V2 N 

defined  as  Significance  =  —  =  —  • 

A  Z^ 

Also,  the  maximum  error  in  the  standard  deviation  s,  with  a  confidence  of  \  —  a , 
can  be  expressed  in  decibels,  dB,  as  follows, 

(V  +  AV \  (  AF^ 

:  Error  in  dB  =  20  Iog10[  "  ~ J  =  20  Logl0[  \  +  — J  ,  and  therefore 


1  +  —  =  10^°  and  A%  =  ~  100  =  fl0%  - 1|  100 

V  V 


dB 

Using  the  expression  above  for  A%  yields  10  —  1  100  =  •  Then 


solving  for  dB  yields 


dB  =  20  Logl0  1  +  —f==  and  for  N,  in  terms  of  dB,  as 

v  2  N 


7 

1 

N  = - -7~r -  where  N  is  rounded  up  to  the  nearest  integer. 

2[,0%-l_ 

4.3.4  Summary  Equations  and  Sample  Problems 

A  subset  of  the  important  statistical  equations  developed  above  in  section  6.8 

include 

5  s 

J~7  Y<  a  <  ( z  \ 

La/ 

i.  _ O-  1-  -=Q= 

■J2N)  -fiN) 

which  is  the  large  sample  1  -  a  confidence  interval  expression  for  <7  , 


A%  =  ~~j===  100 

which  is  the  percentage  error  in  the  standard  deviation  s  associated  with  a  1  -  a 
confidence  interval  for  a  sample  size  of  N , 

and  similarly,  the  sample  size  required  in  order  to  obtain  a  percentage  error  in  the 
standard  deviation  s  of  less  that  A  with  a  confidence  of  1  -a  is  given  by  the  expression 
above  by  solving  for  N. 
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Therefore  N  =  — 
2 


104. 


4.3.4. 1  Confidence  Intervals  for  Variances*  p  23S 

Use  the  developments  above  in  order  to  illustrate  how  to  characterize  the  statistical 
significance  of  results  obtained  from  the  random  sampling  of  electronic  device 
parameter  values. 

For  example,  define  a  measure  of  the  statistical  significance  of  the  results  of  testing 
as  being  a  function  of  the  1  —  a  confidence  interval  for  the  variances  of  the  results.  The 
statistical  significance  of  the  results  could  then  be  interpreted  as  being  inversely 
proportional  to  the  span  of  the  1  —  a  confidence  intervals  for  the  sampled  standard 
deviations.  Then  when  the  span  becomes  small  the  statistical  significance  becomes 
large  or,  equivalently,  significant.  Acceptable  levels  of  statistical  significance  could  be 
defined  by  specifying,  or  establishing  by  test  experience,  required  threshhold  levels  for 
the  estimated  statistical  significance,  i.  e.  for  a  quantity  proportional  to 


-of  the  Span  of  the  confidence  interval  for  the  standard  deviation 


the  random  sampling  of  electronic  device  parameter  values. 

Sample  Problem:  Therefore,  for  example,  a  sample  problem1  p  225  can  be  stated  as 

The  lifetimes  of  a  random  sample  of  200  electronic  devices  selected  at  random  by 
the  manufacturer  during  shipment  have  a  variance  of  132  days.  Use  a  large  sample 
1  -  a  confidence  interval  in  order  to  construct  an  approximate  0.95  confidence  interval 
for  cr  ,  the  standard  deviation  of  the  lifetimes  of  all  of  the  manufacturer’s  standard  stock 
electronic  devices  from  which  the  sample  was  obtained. 


Then, 

1.  assume  the  sample,  s2 ,  is  a  random  sample  from  the 
population  Normal[x , p  ,  cr2) 

2.  s2  =  132  ,  then  5  =  1 1.49 

3.  A  =  200 

4-  0C  =  1  —  a'  =  0.95  for  the  large  sample  normal  distribution  confidence  interval 
approximation  for  s,  and 

5.  therefore  a  =  0.95  and  =  0.475 

0-  Zq y  =  Z0475  =  1.96  ,  from  the  area  under  a  standard  normal  distribution  curve 

obtained  from  a  standard  normal  distribution  table. 


s 


11.49 
1.96 
+  V400 


=  10.46 


A16 


Appendix  A: 


11.49 


8-  ^  Max  = 


f  7  ^ 

Ztf 


1- 


flN ' 


1- 


1.96 

V400 


=  12.74 


9.  then,  using  the  large  sample  variance  confidence  interval  equation  presented 
above  yields, 

5  S 


1  + 


(  7  -\ 


<  a  < 


r 

1- 

fN) 

9. 


10.46  <  <7  < 


also,  from  above  A%  = 


12.74 


100,  and  therefore 


A% 


1.96 

V400 


100  =  9.8% 


then,  in  a  manner  directly  analogous  to  the  prior  discussion  about  measures  of 
statistical  significance, 

10.  this  result  for  the  expected  maximum  percentage  plus  or  minus  error  for  the 
standard  deviation  of  the  lifetimes  of  the  electronic  devices  could  be  defined  as 
being  the  inverse  of  a  measure  of  the  statistical  significance  of  the  result.  Then 
as  A%  decreases  the  statistical  significance  of  the  result  would  increase.  For 
example,  the  statistical  significance,  Significance,  could  be  defined  as  being 
equal  to 


Significance  = 


1 


which  yields 


11.  Significance  =  10.20  for  this  example. 


4.3.4.2  Tests  Concerning  Variances1  •>  271 

Hypothesis  tests  concerning  variances,  a2 ,  are  often  a  prerequisite  for  tests  about 
the  statistical  significance  of  results  and  tests  concerning  other  parameters  of 
populations.  In  practice,  it  is  often  necessary  to  test  the  reasonableness  of  the 
assumption  that  the  variances  of  two  populations  are  equal  or,  similarly,  that  the 
variance  of  a  normal  population  equals  a  given  constant.  A  test  for  whether  the 
variance  of  a  normal  population  equals  a  given  constant  is  referred  to  as  the  null 
hypothesis,  Ho,  and  as  an  alternative  hypothesis,  Ha,  such  as  the  variance  is  not  equal 
to  the  constant. 

Therefore  the  null  hypothesis  is  Ho:  a1  =  cr0 2  and  the  two-sided  alternative  is 

<72  <  <Jq2  and  <J02  <  a2 .  Applying  a  likelihood  ratio  technique  yields  a  test  based  on 

the  sample  variance  s2 ,  such  that  the  critical  regions,  for  testing  the  null  hypothesis 
against  the  two-sided  alternative,  are 
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X1  ^  X2 \-ai2 ,n- 1  or  2f2a/2,«-i  ^  X2  where  %2=(n 

which  can  again,  as  used  above  previously,  be  restated  as 


l-o/2 


<  X  <*/2 .  1 


1  -  a 


where  the  total  size  of  the  critical  regions  is  a  . 

Sample  Problem:  Then,  for  example,  a  sample  problemi  p 274  can  be  stated  as 

The  lifetimes  of  certain  electronic  devices  are  suppose  to  have  a  variance  of  5000 

hours.  Test  the  null  hypothesis  <7 2  =  5000  against  the  two-sided  alternative 

<T  ^  5000  with  a  —  0.02  ,  if  25  of  these  electronic  devices  had  a  sample  variance  of 

s  =  7200  hours.  Assume  that  it  is  reasonable  to  treat  these  data  as  a  random  sample 
from  a  normal  population. 

Then, 

1.  assume  the  sample,  s2 ,  is  a  random  sample  from  a 
population  Normal[x ,  ju  ,  a 2 ) 

2.  N  =  25 

3.  the  null  hypothesis  is  Ho:  a2  =  5000 

4.  the  alternative  hypothesis  is  HA:  cr2  *  5000 

5-  X2  =  (n-  2  =  (25  -  1)720%000  =  34.56  which  from  the  previous 

develops  above  was  shown  to  have  a  chi-squared  distribution  with  n  —  1  degrees 
of  freedom.  Therefore, 

6-  2f2i-a/2,n-i  =  X 2  0.99,24  =  10.856  ,  from  a  chi- squared  xh  u  table 

7-  X  an, n-\  =  X 2  0.01,24  =  42.980  ,  from  a  chi- squared  xl  u  table 

8.  therefore  2f2i-o/2,n-i  <  X2  <X2an,n-\  and  the  conclusion  from  this  test  is  to 

9.  accept  the  null  hypothesis  Ho. 

Observe  that  the  1  -  a  confidence  interval  for  the  test  is  98%,  i.  e.  1  -  a  =  0.98  . 


Using  the  inverse  of  half  of  the  span  from  Xi-an,n-i  to  Xa/2,„-i  as  a  measure  of  the 
statistical  significance  yields 

_  y/2^N 


Significance 


of  the  Span  of  the  confidence  int  erval  for  x 


Significance  = 


V2 ~N 


2  i,Za/2,n- 1  ^1-^.n-i) 
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2yj2  •  25 

10.  Significance  =  ,  .  - ,  —  \  =  4.34 

(V42.980-V1 0.856) 

1  J2N 

1 1.  If,  instead,  the  expression  Significance  =  —  =  ~ - ,  which  was  specified 

A 

above,  were  used  with  a.  =  1  —  a'  =  0.98  and  =  0-49 


then  Significance  =  —  = 


1  J2N  p-25  7.07 


2.33 


=  3.03 


where  Z 


af  049 

was  obtained  from  a  standard  normal  distribution  table.  1  p  366 


Notice  that  when,  for  this  problem,  the  statistical  significance  was  approximated  with 
the  large  sample  standard  normal  distribution  equation  that  then  the  computed 
statistical  significance  went  down  from  4.34  to  3.03. 


In  conclusion,  the  general  use  of  statistical  tests  with  hypotheses  tends  to  be  quite 
complicated  and  is  beyond  the  scope  of  this  discussion.  The  one  caveat  that  should  be 
mentioned  is  that  in  order  to  obtain  valid  results  from  statistical  testing,  it  is  necessary 
to  have  a  statistician  carefully  define  the  tests,  analyze  the  data,  and  draw  the 
conclusions.  For  additional  information,  refer  to  statistical  books  such  as  reference  1, 
since  the  theory  for  the  tests  of  hypotheses  can  be  useful. 


For  instance,  tests  with  hypotheses  can  be  useful  for  making  decisions  concerning 
statistical  significance,  statistical  parameters,  and  for  concluding  that  a  chosen 
probability  distribution  correctly  describes  an  experimental  situation  and  thereby 
provides  a  valid  statistical  model.  Also,  for  example,  it  may  be  desirable  to  test  whether 
it  is  reasonable  to  assume  that  a  statistical  parameter  is  a  member  of  a  population  from 
and  with  a  particular  probability  distribution. 
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OVERVIEW  OF  REVERBERATION  CHAMBER  OPERATION 


1.  Introduction 

A  Reverberation  Chamber  is  a  shielded  enclosure  with  the  smallest  dimension  being  large  with 
respect  to  the  wavelength  at  the  lowest  useable  frequency.  The  chamber  is  normally  equipped 
with  a  mechanical  tuning/stirring  device  whose  dimensions  are  a  significant  fraction  of  the 
chamber  dimensions  and  of  the  wavelength  at  the  lowest  useable  frequency.  When  the  chamber 
is  excited  with  RF  energy  the  resulting  multi-mode  electromagnetic  environment  can  be  “stirred” 
by  the  mechanical  tuner/stirrer.  The  resulting  environment  is  both  isotropic  and  uniform  when 
averaged  over  a  sufficient  number  of  positions  of  the  mechanical  tuner/stirrer. 

The  lowest  useable  frequency  of  a  reverberation  chamber  is  determined  by  its  volume.  For  a 
rectangular-shaped  chamber  of  dimensions  a,  b,  and  d,  the  first  resonant  mode  occurs  at  a 
frequency  of: 


f(01i)=  c/2  *  [(i/a)2  +  (j/b)2  +  (k/d)2]1/2 

where  a  is  the  smallest  dimension  (m),  i  =  0,  j  =  k  =  1 ,  and  c  is  the  speed  of  light  (3x1 08  m/s) 


The  chamber  mode  density  and  the  effectiveness  of  the  mechanical  tuner/stirrer  determine  the 
lowest  useable  frequency.  The  lowest  useable  frequency  is  generally  accepted  to  be  the 
frequency  at  which  the  number  of  modes  excited  within  the  BWQ  is  greater  than  or  equal  to  1 ,0. 
This  frequency  generally  occurs  at  a  frequency  slightly  above  3  x  f(0n).  In  practice  the  tuner/stirrer 
effectiveness  and  the  chamber  “Q”  determine  the  lowest  useable  frequency.  For  this  alternative 
procedure  of  IEC  1000-4-3,  it  is  the  frequency  at  which  the  tuner/stirrer  effectively  yields  a  field 
uniformity  of  -0  to  +6  dB  over  a  75%  majority  of  an  8-location  calibration  data  set. 

The  chamber  input  power  (Pinput  )  is  normally  taken  to  be  the  forward  power  delivered  to  the 
antenna  terminals.  In  some  cases  it  is  necessary  to  take  into  account  the  reflected  power  caused 
by  antenna/excitation  induced  mismatch.  In  such  cases  the  input  power  shall  be  the  net  input 
power  which  is  equal  to: 

PNet  =  P Forward  "  P Reflected 

The  amount  of  power  needed  to  generate  a  specific  field  inside  a  chamber  can  be  determined 
from  the  empty  chamber  calibration  outlined  in  Section  3.2.  However  the  EUT,  the  required 
support  equipment,  or  any  absorbing  material  present  may  load  the  chamber,  reduce  the  cavity  Q, 
and  hence  reduce  the  test  fields  for  the  same  input  power.  Therefore  the  fields  in  a  loaded 
chamber  must  be  monitored  and  input  power  increased,  if  necessary,  to  compensate  for  this 
loading. 

The  tuners/stirrers  should  be  adequate  to  provide  the  desired  field  uniformity.  In  most  chambers  it 
will  be  necessary  to  use  multiple  tuners/stirrers  to  obtain  the  desired  field  uniformity  at  frequencies 
approaching  the  chambers  lowest  useable  frequency.  Stepping  motors  with  computer  control  are 
desirable.  Variable  speed,  continuous  motors  are  acceptable,  but  the  time  response  of  the  EUT 
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must  be  fast  relative  to  tuner/stirrer  speed  for  this  option  to  be  viable.  A  method  of  evaluating 
tuner/stirrer  performance  is  given  in  section  3. 


2.  Theory 

The  modes  in  a  cavity  are  determined  by  the  boundary  conditions.  For  a  rectangular  cavity  of 
dimensions  L  (length),  W  (width)  and  H  (height),  the  mode  frequencies  can  be  shown  to  be  [1] 

Fi™  =  150  ((1/L)2  +  (m/W  f  +  (n/H)2)05 

where  I,  m  and  n  are  the  mode  indices. 

Figure  1  shows  a  hypothetical  mode  distribution  as  a  function  of  frequency.  Each  mode 
represents  a  unique  field  variation  (  modal  structure)  as  a  function  of  spatial  location  throughout 
the  cavity. 

The  cavity  quality  factor  bandwidth,  BWq,  is  defined  as  F/Q  at  the  3  dB  points  of  a  gaussian 
distribution.  A  representative  BWQ  is  shown  at  F0  in  Figure  2.  In  this  case,  only  one  mode  is 
excited  when  the  cavity  is  driven  at  Fo.  The  effective  modal  structure  at  Fo  would  be  that  of  the 
Fi,m,n  =  F0  mode. 

Figure  3  shows  the  effects  of  an  increased  BWq.  In  this  case,  three  additional  modes  can  be 
excited  when  the  cavity  is  driven  at  F0.  The  effective  modal  structure  would  be  the  vector  sum  of 
the  four  modes  with  different  amplitudes.  The  spatial  field  variation  will  be  different  than  that 
obtained  from  the  single  F0  mode.  Thus  varying  the  cavity  Q  can  change  the  effective  modal 
structure. 

Figure  4  shows  how  the  effective  modal  structure  can  be  impacted  by  the  theoretical  mode 
density  which,  at  a  specific  frequency,  depends  on  the  cavity  size.  The  increased  mode  density 
yields  additional  modes  for  the  same  BWq  as  in  Figure  3.  In  this  case  the  field  variation  will  be 
based  on  the  vector  sum  of  seven  modes  when  the  cavity  is  driven  at  F0. 

The  effective  modal  structure  depends  on  both  the  theoretical  mode  density  and  the  quality  factor 
bandwidth  at  the  frequency  of  interest.  The  number  of  modes  M  excited  in  a  BWq  is  given  as  [1] 

M=  87cVf3/(c3Q) 

which  is  independent  of  the  shape  of  the  cavity. 

Current  theory  suggests  that  an  overmoded  condition  implies  the  cavity  has  ten  to  fifteen  or  more 
modes  within  the  BWQ.  In  the  overmoded  condition  the  field  distribution  has  been  shown  to  fit  a 
Chi  Squared  distribution.[2]  At  lower  mode  densities  (i.e.  M<  15)  the  distributions  do  not  fit  the  Chi 
Squared  distribution.  Recent  research  [3]  has  resulted  in  distributions  that  describe  the  field 
distributions  for  mode  densities  less  than  15.  As  shown  in  Figure  5,  the  distributions  approach  the 
Chi  Squared  distribution  as  the  mode  density  approaches  15. 
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Given  the  distribution  of  the  fields  within  a  cavity,  the  number  of  samples  that  would  have  to  be 
taken  in  order  to  determine  the  field  level  to  within  a  given  uncertainty  can  be  determined.  Figure  6 
shows  the  number  of  samples  required  to  obtain  a  6  dB  field  uncertainty  at  a  95%  level  of 
confidence  for  a  given  cavity.  As  Figure  6  shows,  at  lower  mode  densities  the  number  of  samples 
required  increases  rapidly.  If  the  confidence  level  is  lowered,  then  the  number  of  samples  required 
to  obtain  the  same  uncertainty  is  reduced.  As  shown  in  Figure  7,  the  number  of  samples  is 
reduced  significantly  when  the  confidence  level  is  reduced  to  75%. 

To  date  most  testing  conducted  in  reverberation  chambers  has  been  collected  using  200  samples 
or  steps  of  the  mechanical  tuner.  This  resulted  in  uncertainties  in  the  field  that  varied  as  a  function 
of  frequency.  As  shown  in  Figure  8,  the  uncertainty  for  a  typical  chamber  varied  considerably  as  a 
function  of  frequency  as  the  number  of  tuner  steps  remained  constant.  The  procedure  developed 
for  this  specification  optimizes  the  number  of  steps  or  samples  to  obtain  a  fixed  uncertainty  as  a 
function  of  frequency. 

The  fact  that  the  distributions  of  the  fields  in  the  chamber  can  be  described  statistically  allows  the 
fields  within  the  chamber  to  be  accurately  predicted  using  a  measurement  at  a  single  location. 
Figure  9  depicts  the  layout  of  a  test  on  a  reverberation  chamber  measuring  approximately  14m  x 
7m  x  3m.  The  chamber  was  equipped  with  two  tuners/stirrers  and  the  fields  were  measured  using 
a  system  of  ten  (10)  isotropic  probes  and  one  (1)  log-periodic  reference  antenna.  The  probes 
were  distributed  throughout  the  chamber  volume  and  were  placed  in  excess  of  7  meters  apart. 
Each  probe  allowed  access  to  each  element  of  the  probe.  Data  collected  using  this  setup  are 
shown  in  Figures  10,  11  and  12.  Figure  10  compares  the  mean  field  strength  of  the  electric  field 
squared  as  measured  by  a  single  element  of  one  probe  to  the  peak  field  of  a  single  axis  of  all 
probes.  The  heavily  dark  line  in  Figure  10  is  the  predicted  peak  field  based  on  the  number  of  tuner 
steps  (225  in  this  case)  and  the  mean  field  measured  by  the  single  probe.  The  data  clearly  shows 
that  the  peak  data  was  accurately  predicted,  within  acceptable  uniformity,  by  theory  using  only  the 
mean  measurement  from  a  single  probe.  Figure  11,  which  shows  the  peak  data  for  all  elements  of 
all  probes,  clearly  shows  the  prediction  is  accurate  for  all  of  the  probe  readings.  Figure  12 
compares  the  mean  of  all  elements  of  all  the  probes  (30  elements  total)  to  the  mean  of  the  field 
calculated  based  on  the  mean  power  received  by  the  single  reference  antenna.  This  clearly  shows 
that  the  peak  fields  can  be  accurately  predicted  based  on  the  mean  received  power  measured  by 
a  reference  antenna  located  within  the  working  volume  of  a  reverberation  chamber. 

The  calibration  procedure  is  based  on  a  comparison  of  the  peak  fields  measured  by  E-field  probes 
to  the  mean  received  power  of  a  reference  antenna.  To  enhance  accuracy  the  mean  antenna 
data  is  obtained  for  eight  locations  within  the  working  volume. 


3.  Tuner  Efficiency 

Tuner  performance  data  is  obtained  by  monitoring  the  received  power  at  evenly  spaced  intervals 
over  one  tuner  rotation  (Note:  the  number  of  points  per  rotation  determines  the  resolution  of  the 
correlation  calculation).  The  tuner  performance  is  evaluated  by  calculating  the  correlation 
coefficient  between  the  data  obtained  to  that  of  the  original  data  that  has  been  shifted  one  sample 
and  the  last  data  point  moved  into  the  first  position  as  shown  below  (450  samples  assumed). 
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Dl,  D2,  D3,  D4,  D5,D6, . D450 

D450,D1,D2,D3,D4,D5,D6, . D449 

D449,D450,D1,D2,D3,D4,D5,D6, . D448 

D448 ,D449,D450,D  1  ,D2,D3  ,D4,D5  ,D6 . D447 


The  correlation  coefficient  can  be  calculated  using  the  following  formula: 
1  N 


r  = 


Note:  yj  are  received  power  values 

yi  is  the  same  distribution  as  X\  but  shifted  by  M  samples  ( in  this  case  tuner  positions) 

Ui  is  the  mean  of  the  original  received  power  vs  tuner  position 

since  the  y  distribution  is  the  same  as  the  x  distribution  except  for  the  notation  of  tuner  position 
uy  =  ux  and  ctx  =  ay 

The  correlation  coefficient  can  be  obtained  using  the  correlation  function  built  into  most 
spreadsheets  by  comparing  the  original  data  set  to  the  shifted  data  sets.  The  data  becomes 
uncorrelated  when  the  correlation  coefficient  is  less  than  0.36. 


4.  Summary 

In  order  to  meet  the  requirements  of  the  current  1000-4-3  specification  of  maintaining  a 

-0  to  6  dB  uniformity  over  75%  of  an  8  location  data  set,  the  distributions  mentioned  above  were 

used  to  determine  the  number  of  samples  (i.e.  tuner  steps)  required  to  collect  the  necessary  data. 
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In  an  effort  to  keep  the  calibration  for  mode  stirred  chambers  similar  to  that  currently  used,  a 
volume  based  calibration  scheme  was  developed. 

As  stated  above,  the  number  of  samples  required  is  determined  by  the  mode  density  of  a  given 
cavity.  Although  a  minimum  sized  chamber  was  estimated  for  calculating  the  mode  densities  at 
which  the  minimum  requirements  at  80  MHz  are  met,  t  is  not  practical  to  attempt  to  define  a 
minimum  sized  chamber  for  this  specification.  A  chamber’s  lowest  useable  frequency  depends  on 
it’s  dimensions  and  on  the  Q  of  the  chamber,  which  is  heavily  influenced  by  the  construction 
materials,  types  of  antennas  used  (antennas  contribute  significantly  to  chamber  loading  at  lower 
frequencies),  etc..  The  calibration  procedure  does  place  a  stringent  requirement  on  the  chamber 
being  evaluated.  The  data  required  places  the  need  for  the  fields  generated  within  the  test  volume 
to  be  both  uniform  and  isotropic.  To  ensure  this  dual  requirement  is  met,  three  measurements  are 
required  at  each  of  the  8  locations  using  three  mutually  perpendicular  orientations.  Each 
measurement  is  independent  which  results  in  a  total  of  24  measurements  being  taken.  This 
results  in  6  measurements  (i.e.  25%)  being  discarded  to  achieve  the  75%  confidence  level.  A 
chamber  that  passes  this  calibration  procedure  will  have  demonstrated  its  ability  to  generate  the 
required  field  uniformity. 

The  number  of  samples  are  based  on  a  “theoretical”  chamber  of  minimum  size  and  typical  Q.  The 
number  of  samples  required  were  rounded  up  to  account  for  variations  from  this  “theoretical 
chamber  in  order  to  ensure  a  conservative  test.  It  is  possible  that  a  larger  chamber  or  one  with  a 
lower  Q  than  the  “theoretical”  chamber  could  meet  this  calibration  requirement  using  less  than  the 
required  number  of  steps. 

As  previously  stated,  it  is  not  practical  to  define  a  minimum  size  test  chamber  and  it  is  outside  the 
scope  of  this  specification  to  provide  detailed  design  guidance.  The  bottom  line  is  that  if  a 
chamber  passes  the  calibration  procedure  then  it  has  demonstrated  that  it  will  provide  the 
required  environment  at  the  desired  level  of  confidence. 
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Frequency 


FIGURE  1.  HYPOTHETICAL 
CAVITY  MODE  STRUCTURE. 


FIGURE  2.  HYPOTHETICAL  MODE 
STRUCTURE  WITH  QUAIITY 
FACTOR  BANDWIDTH. 


FIGURE  3 .  HYPOTHETICAL  MODE  FIGURE  4.  HYPOTHETICAL  HIGHER  MODE 

STURCTURE  WITH  LARGER  DENSITY  WITH  LARGER 

QUAILTY  FACTOR  BANDWIDTH.  QUALITY  FACTOR  BANDWIDTH. 
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Normalized  Received  Power 

FIGURE  5.  CONVERGENCE  OF  DISTRIBUTION  TO  CHI-SQUARED. 


MODES  /  BWq  &  SAMPLING  REQUIREMENTS 
6  dB  FIELD  UNCERTAINTY  WITH  95%  CONFID. 


Frequency  (MHz) 

NSM.es  1 

FIGURE  6.  SAMPLING  REQUIREMENTS  FOR  95%  CONFICENCE. 
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MODES  /  BWq  &  SAMPLING  REQUIREMENTS 

6  dB  FIELD  UNCERTAINTY  WITH  75%  CONFID. 


Frequency  (MHz) 

N8NL7S1 

FIGURE  7.  SAMLING  REQUIREMENTS  FOR  95%  CONFICENCE. 


FIGURE  8.  TYPICAL  FIELD  UNIFORMITY  FOR  200  TUNER  STEPS 
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FIGURE  9.  MEASUREMENT  BLOCK  DIAGRAM. 


Frequency  (MHz) 

FIGURE  10.  PREDICTED  MAXIMUM  FIELD  STRENGTH  BASE  ON  A  SINGLE 
AXIS  MEAN  MEASUREMENT.  COMPARISON  TO  DATA  FROM  10  PROBES 
DISTRIBUTED  THROUGHOUT  A  REVERBERATION  CHAMBER. 
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FIGURE  1 1.  MAXIMUM  MEASURED  ELECTRIC  FIELD 
(SINGLE  POLARIZATION)  FOR  EACH  OF  30  SHORT  DIPOLES. 


Frequency  (MHz) 


FIGURE  12.  MEASURREMENTS  OF  NORMALIZED  AVERAGE  SQUARED 
E-FIELD  TOTAL;  COMPARISON  OF  PREDICTED  FIELD  STRENGTH 
BASED  ON  REFERENCE  ANTENNA  VS  PROBE  DATA. 
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Icc  Changes  for  Individual  Components  in  Exposed  Lot  3A  Plastic  Warm 
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Icc  Changes  for  Individual  Components  in  Exposed  Lot  6A  Plastic  Cool 
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Average  Input  Offset  Voltage  for  Device  1  In  Control  Lot  8A 
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Input  Offset  Voltage  Distribution  in  Exposed  Lot  3A  Ceramic  Cool 
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Input  Offset  Voltage  Distribution  In  Exposed  Lot  6A  Ceramic  Room 
_ Temperature 
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Input  Offset  Voltage  Distribution  in  Exposed  Lot  6A  Ceramic  Warm 
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Input  Offset  Voltage  Distribution  in  Exposed  Lot  3A  Plastic  Room 
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Average  Inpul  Bias  Current  lor  Device  1  in  Control  Lot  SA 
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Average  Gain  with  RL=10K  ohms  for  Device  1  in  Control  Lot  8A 


Average  Gain  with  RL=10k  ohms  for  Device  1  in  Exposed  Lots  3A  and  6A 
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Appendix  C:  Engineering  Statistical  Analysis  Data 


Average  PSRR  for  Device  1  in  Control  Lot  8 
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Appendix  C:  Engineering  Statistical  Analysis  Data 


Average  +VOP  with  2K  ohm  Load  tor  Device  1  in  Control  Lot  8A 


Average  +VOP  with  2K  ohm  Load  for  Device  1  in  Exposed  Lots  3A  and  6A 
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Appendix  C:  Engineering  Statistical  Analysis  Data 


Average  (+)  Slew  Rate  for  Device  1  In  Control  Lot  8A 


CSAcoot  CBAroom  CflAwarm  PSA  cool  PSAroom  PSAwarm 

T#st  Parted 
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T«*t  P*flod 


Average  (-)  Slew  Rate  for  Device  1  in  Exposed  Lots  3  and  6 
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Appendix  C:  Engineering  Statistical  Analysis  Data 


Slew  Rate  Distribution  in  Exposed  Lot  3A  Ceramic  Room  Temperature 


— 4 
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Slew  Rate  for  Individual  Components  in  Exposed  Lot  3A  Ceramic  Room 

Temperature 


Test  Period 
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Appendix  C:  Engineering  Statistical  Analysis  Data 


Slew  Rate  for  Individual  Components  in  Exposed  Lot  6A  Plastic  Warm 


Test  Period 
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Appendix  C:  Engineering  Statistical  Analysis  Data 


Slew  Rate  Distribution  in  Exposed  Lot  6A  Plastic  Cool 
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Appendix  C:  Engineering  Statistical  Analysis  Data 


Average  (-)  Slew  Rate  for  Device  1  in  Control  Lot  8 


Average  (-)  Slew  Rate  for  Device  1  in  Exposed  Lots  3  and  6 


T#*l  Pwlod 


C49 


□  □ 


Appendix  C:  Engineering  Statistical  Analysis  Data 


Gain  Bandwidth  Product  Distributions  for  Exposed  Ceramic  Lot  3  Warm 


C50 


Appendix  C:  Engineering  Statistical  Analysis  Data 


Gain  Bandwidth  Product  Distributions  for  Exposed  Lot  3  Ceramic 


Gain  Bandwidth  Product  Changes  in  individual  Components  in  Exposed 

Ceramic  Lot  3 
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Appendix  C:  Engineering  Statistical  Analysis  Data 


Gain  Bandwidth  Product  Distributions  for  Exposed  Ceramic  Lot  6 
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Appendix  C:  Engineering  Statistical  Analysis  Data 


Gain  Bandwidth  Product  Distributions  for  Exposed  Plastic  Lot  3 
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Appendix  C:  Engineering  Statistical  Analysis  Data 


Gain  Bandwidth  Product  Distribution  for  Exposed  Plastic  Lot  6 


Gain  Bandwidth  Product  Changes  in  Individual  Components  in  Exposed 

Plastic  Lot  6 
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Appendix  C:  Engineering  Statistical  Analysis  Data 


Average  Input  Offset  Current  for  Device  2  in  Exposed  Lots  3  and  6 
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Appendix  C:  Engineering  Statistical  Analysis  Data 


Average  Gain  with  RL=10K  ohms  for  Device  2  in  Control  Lot  8 
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Appendix  C:  Engineering  Statistical  Analysis  Data 


Average  Gain  with  RL=2K  ohms  tor  Device  2  in  Control  Lot  8 
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Average  Gain  with  RL=2K  ohms  for  Device  2  in  Exposed  Lots  3  and  6 
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Appendix  C:  Engineering  Statistical  Analysis  Data 
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Appendix  C:  Engineering  Statistical  Analysis  Data 


Average  (♦)  Slew  Rate  tor  Device  2  in  Exposed  Lots  3  and  6 
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Appendix  C:  Engineering  Statistical  Analysis  Data 
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Appendix  D:  Baseline  Digital  Test  Data  -  RF  Power  and  Field  Intensity  vs.  Upsets 
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Appendix  D:  Baseline  Digital  Test  Data  -  RF  Power  and  Field  Intensity  vs.  Upsets 


Appendix  D.  Baseline  Digital  Test  Data  -  RF  Power  and  Field  Intensity  vs.  Upsets 
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Appendix  E:  Baseline  Digital  Test  Data  -  Upset  Data  Files 


UPSET.050 

1.7  GHz,  1000  Watts,  Digital 

Start  Time  is:  Thu  Dec  21  13:51:24  1995 
Thu  Dec  21  14:09:42  1995 

#1000:  3354  F 
#1001:  2924  F 
#1002:  56  F 
#1003:  990 F 
#1004:  1160  F 
#1005:  849  F 
#1006:  371 F 
#1007:  615 F 
#1008:  82  F 
#1009:  517  F 
#1010:  150  F 
#1011:  211  F 
#1012:  373  F 
#1013:  741  F 
#1014:  1308 F 
#1015:  3661  F 
#1016:  1112  F 
#1017:  2609  F 
#1018:  1020  F 
#1019:  1443  F 
#1020:  215 F 
#1021:  348  F 
#1022:  109 F 
#1023:  107 F 
#1024:  555 F 
#1025:  613  F 
#1026:  389  F 
#1027:  704 F 
#1028:  464 F 
#1029:  892  F 
#1030:  126  F 
#1031:  571  F 
#1032:  60  F 
#1033:  191 F 
#1034:  92  F 
#1035:  591  F 
#1036:  264  F 
#1037:  986  F 
#1038:  390 F 
#1039:  1991 F 
#1040:  209 F 
#1041:  166  F 
#1042:  357  F 
#1043:  190  F 
#1044:  569  F 
#1045:  15  F 

#1046:  104  F 
#1047:  46 F 


v#1048:  106  F 
#1049:  352  F 
#2000:  293 F 
#2001:  1835  F 
#2002:  194  F 
#2003:  702 F 
#2004:  42  F 

#2005:  91  F 
#2006:  224  F 
#2007:  212 F 
#2008:  183  F 
#2009:  134  F 
#2010:  614 F 
#2011:  512  F 
#2012:  371 F 
#2013:  532  F 
#2014:  517 F 
#2015:  54  F 
#2016:  350 F 
#2017:  395 F 
#2018:  51  F 

#2019:  72  F 
#2020:  94  F 

#2021:  53  F 
#2022:  62  F 
#2023:  819  F 
#2024:  643  F 
#2025:  543  F 
#2026:  123 F 
#2027:  118 F 
#2028:  237  F 
#2029:  494  F 
#2030:  280 F 
#2031:  67  F 
#2032:  654 F 
#2033:  280 F 
#2034:  853 F 
#2035:  476 F 
#2036:  1995  F 
#2037:  370  F 
#2038:  662  F 
#2039:  108  F 
#2040:  795  F 
#2041:  106  F 
#2042:  114  F 
#2043:  38  F 
#2044:  112  F 
#2045:  52  F 
#2046:  1139  F 
#2047:  44  F 

#2048:  119 
#2049:  882  F 

100  total  devices  being  upset 
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Appendix  E:  Baseline  Digital  Test  Data  -  Upset  Data  Files 

UPSET.051 

"#2000:  IF 

1.7  GHz,  250  Watts,  Digital 

#2001:  82  F 

Start  Time  is:  Thu  Dec  21  14:10:08  1995  #2002:  1  F 

Thu  Dec  21  14:29:18  1995 

#2003:  1  F 

#1000:  885 F 

#2004:  18  F 

#1001:  426  F 

#2005:  1  F 

#1002:  1 F 

#2006:  1 F 

#1003:  7  F 

#2007:  1  F 

#1004:  1 F 

#2008:  1  F 

#1005:  24  F 

#2009:  1  F 

#1006:  1 F 

#2010:  1 F 

#1007:  1 F 

#2011:  IF 

#1008:  1 F 

#2012:  17  F 

#1009:  1 F 

#2013:  21 F 

#1010:  IF 

#2014:  1  F 

#1011:  IF 

#2015:  1 F 

#1012:  1 F 

#2016:  1 F 

#1013:  IF 

#2017:  1  F 

#1014:  104  F 

#2018:  1 F 

#1015:  690  F 

#2019:  1 F 

#1016:  38 F 

#2020:  1 F 

#1017:  354  F 

#2021:  1  F 

#1018:  IF 

#2022:  1  F 

#1019:  1 F 

#2023:  1 F 

#1020:  1 F 

#2024:  1  F 

#1021:  IF 

#2025:  1 F 

#1022:  1 F 

#2026:  1  F 

#1023:  1 F 

#2027:  1  F 

#1024:  1 F 

#2028:  1  F 

#1025:  3  F 

#2029:  1  F 

#1026:  8  F 

#2030:  1  F 

#1027:  2  F 

#2031:  1  F 

#1028:  1 F 

#2032:  1  F 

#1029:  116  F 

#2033:  1  F 

#1030:  1 F 

#2034:  1 F 

#1031:  6  F 

#2035:  1  F 

#1032:  1 F 

#2036:  41  F 

#1033:  1 F 

#2037:  1  F 

#1034:  1 F 

#2038:  1 F 

#1035:  3  F 

#2039:  1  F 

#1036:  1 F 

#2040:  1  F 

#1037:  27  F 

#2041:  1  F 

#1038:  1 F 

#2042:  1  F 

#1039:  123  F 

#2043:  1  F 

#1040:  1 F 

#2044:  1 F 

#1041:  IF 

#2045:  1  F 

#1042:  1 F 

#2046:  38  F 

#1043:  1 F 

#2047:  1  F 

#1044:  3  F 

#2048:  1  F 

#1045:  1 F 

#2049:  1  F 

#1046:  1  F 

#1047:  1  F 

100  Total  devices  being  upset 

#1048:  1  F 

81  with  1  -  3  upsets 

#1049:  1  F 

19  with  6  or  more  upsets 

E2 

Appendix  E:  Baseline  Digital  Test  Data  -  Upset  Data  Files 


UPSET.052 

900  MHz,  1000  Watts,  Digital 

Start  Time  is:  Thu  Dec  21  14:32:24  1995 
Thu  Dec  21  14:53:08  1995 

#1000:  2415  F 
#1001:  5573  F 
#1002:  1456  F 
#1003:  1256  F 
#1004:  905 F 
#1005:  744  F 
#1006:  1472  F 
#1007:  866  F 
#1008:  994  F 
#1009:  1234  F 
#1010:  1023  F 
#1011:  4587  F 
#1012:  808 F 
#1013:  450  F 
#1014:  3908  F 
#1015:  1310  F 
#1016:  5758  F 
#1017:  3202  F 
#1018:  4426  F 
#1019:  5393  F 
#1020:  1192  F 
#1021:  1569  F 
#1022:  4917  F 
#1023:  4776  F 
#1024:  1537  F 
#1025:  1242  F 
#1026:  2654  F 
#1027:  2031  F 
#1028:  326  F 
#1029:  138  F 
#1030:  420  F 
#1031:  1866  F 
#1032:  1689  F 
#1033:  348  F 
#1034:  1709  F 
#1035:  1263  F 
#1036:  2209  F 
#1037:  577  F 
#1038:  3383  F 
#1039:  1864  F 
#1040:  247  F 
#1041:  1608  F 
#1042:  2407  F 
#1043:  493 F 
#1044:  1101  F 
#1045:  861  F 
#1046:  1801  F 
#1047:  856  F 


#1048: 

433  F 

#1049: 

174  F 

#2000: 

301  F 

#2001: 

237  F 

#2002: 

176  F 

#2003: 

253  F 

#2004: 

710  F 

#2005: 

893  F 

#2006: 

1415  F 

#2007: 

1360  F 

#2008: 

292  F 

#2009: 

1190  F 

#2010: 

193  F 

#2011: 

120  F 

#2012: 

94  F 

#2013: 

332  F 

#2014: 

1457  F 

#2015: 

1734  F 

#2016: 

1158  F 

#2017: 

1259  F 

#2018: 

1555  F 

#2019: 

1801  F 

#2020: 

1517  F 

#2021: 

1269  F 

#2022: 

1930 

#2024: 

1544  F 

#2025: 

1461  F 

#2026: 

1458  F 

#2027: 

1411  F 

#2028: 

1485  F 

#2029: 

1660  F 

#2030: 

361  F 

#2031: 

1421  F 

#2032: 

1330  F 

#2033: 

2091  F 

#2034: 

1669  F 

#2035: 

1387  F 

#2036: 

1836  F 

#2037: 

1987  F 

#2038: 

748  F 

#2039: 

154  F 

#2040: 

999  F 

#2041: 

387  F 

#2042: 

101  F 

#2043: 

866  F 

#2044: 

315  F 

#2045: 

591  F 

#2046: 

271  F 

#2047: 

1115  F 

#2048: 

286  F 

#2049: 

342  F 

100  total  devices  being  upset 
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Appendix  E:  Baseline  Digital  Test  Data  -  Upset  Data  Files 


UPSET.053 

900  MHz,  250  Watts,  Digital 

Start  Time  is:  Thu  Dec  21  14:54:48  1995 
Thu  Dec  21  15:13:05  1995 

#1000:  1039  F 
#1001:  439  F 
#1002:  323  F 
#1003:  148  F 
#1004:  97  F 
#1005:  117  F 
#1006:  217 F 
#1007:  175 F 
#1008:  290  F 
#1009:  149 F 
#1010:  256 F 
#1011:  474  F 
#1012:  99  F 
#1013:  35  F 
#1014:  925  F 
#1015:  499 F 
#1016:  657 F 
#1017:  1051 F 
#1018:  870  F 
#1019:  1194  F 
#1020:  360 F 
#1021:  257  F 
#1022:  455 F 
#1023:  422 F 
#1024:  462 F 
#1025:  291 F 
#1026:  359 F 
#1027:  802 F 
#1028:  263  F 
#1029:  83  F 
#1030:  254 F 
#1031:  153 F 
#1032:  168 F 
#1033:  180 F 
#1034:  164  F 
#1035:  366 F 
#1036:  228 F 
#1037:  363 F 
#1038:  445 F 
#1039:  729 F 
#1040:  228 F 
#1041:  370  F 
#1042:  645 F 
#1043:  178 F 
#1044:  318  F 
#1045:  479 F 
#1046:  199 F 
#1047:  255 F 


4*1048:  247  F 
#1049:  86  F 
#2000:  1486  F 
#2001:  454  F 
#2002:  204 F 
#2003:  724 F 
#2004:  21 F 
#2005:  445 F 
#2006:  549 F 
#2007:  245 F 
#2008:  237  F 
#2009:  255  F 
#2010:  381 F 
#2011:  860  F 
#2012:  127 F 
#2013:  497 F 
#2014:  370 F 
#2015:  260 F 
#2016:  203 F 
#2017:  463 F 
#2018:  201  F 
#2019:  205  F 
#2020:  215 F 
#2021:  355  F 
#2022:  749 F 
#2023:  196 F 
#2024:  506  F 
#2025:  192 F 
#2026:  214 F 
#2027:  214  F 
#2028:  242  F 
#2029:  1716  F 
#2030:  309  F 
#2031:  182  F 
#2032:  182  F 
#2033:  212 F 
#2034:  472 F 
#2035:  237  F 
#2036:  947 F 
#2037:  185 F 
#2038:  1098  F 
#2039:  370  F 
#2040:  773  F 
#2041:  98  F 
#2042:  61  F 
#2043:  1369  F 
#2044:  377  F 
#2045:  625  F 
#2046:  67  F 
#2047:  531  F 
#2048:  57  F 
#2049:  599  F 

100  total  devices  being  upset 
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Appendix  E:  Baseline  Digital  Test  Data  -  Upset  Data  Files 


UPSET.054 

900  MHz,  63  Watts,  Digital 

Start  Time  is:  Thu  Dec  2 1  15:13:41  1995 

Thu  Dec  21  15:35:55  1995 

#1000:  1269  F 
#1001:  196  F 
#1002:  39  F 
#1003:  2  F 

#1004:  2  F 

#1005:  2  F 

#1006:  2  F 

#1007:  2  F 

#1008:  41  F 

#1009:  2  F 

#1010:  28  F 
#1011:  423  F 
#1012:  2  F 

#1013:  2  F 

#1014:  3019  F 
#1015:  520  F 
#1016:  3169  F 
#1017:  2744  F 
#1018:  1477  F 
#1019:  3092  F 
#1020:  2  F 

#1021:  2  F 

#1022:  82  F 

#1023:  412  F 
#1024:  2  F 

#1025:  2  F 

#1026:  2  F 

#1027:  63  F 
#1028:  2  F 

#1029:  2  F 

#1030:  2  F 

#1031:  2  F 

#1032:  2  F 

#1033:  2  F 

#1034:  2  F 

#1035:  2  F 

#1036:  2  F 

#1037:  2  F 

#1038:  73  F 
#1039:  209  F 
#1040:  2  F 

#1041:  288  F 
#1042:  14  F 

#1043:  2  F 

#1044:  2  F 

#1045:  31  F 
#1046:  2  F 

#1047:  2  F 

#1048:  2  F 


#1049:  2  F 

#2000:  15  F 

#2001:  2  F 

#2002:  2  F 

#2003:  2  F 

#2004:  49  F 

#2005:  2  F 

#2006:  2  F 

#2007:  2  F 

#2008:  2  F 

#2009:  2  F 

#2010:  2  F 

#2011:  2  F 

#2012:  2  F 

#2013:  2  F 

#2014:  2  F 

#2015:  2  F 

#2016:  2  F 

#2017:  2  F 

#2018:  2  F 

#2019:  2  F 

#2020:  2  F 

#2021:  2  F 

#2022:  2  F 

#2023:  2  F 

#2024:  2  F 

#2025:  2  F 

#2026:  2  F 

#2027:  2  F 

#2028:  2  F 

#2029:  2  F 

#2030:  2  F 

#2031:  2  F 

#2032:  2  F 

#2033:  2  F 

#2034:  2  F 

#2035:  2  F 

#2036:  2  F 

#2037:  2  F 

#2038:  2  F 

#2039:  2  F 

#2040:  2  F 

#2041:  2  F 

#2042:  2  F 

#2043:  2  F 

#2044:  2  F 

#2045:  2  F 

#2046:  2  F 

#2047:  2  F 

#2048:  2  F 

#2049:  2  F 

100  total  devices  being  upset. 

22  with  14  or  more  upsets,  22  with  exactly  2 
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Appendix  E:  Baseline  Digital  Test  Data  -  Upset  Data  Files 


Upset.055 

1.7  GHz,  500  Watts,  Digital 

Start  Time  is:  Mon  Jan  08  09:53:09  1996 
Mon  Jan  08  10:15:28  1996 

#1000:  3438  F 
#1001:  2546  F 
#1002:  9  F 

#1003:  298 F 
#1004:  434  F 
#1005:  479  F 
#1006:  138 F 
#1007:  102  F 
#1009:  74  F 
#1010:  17  F 

#1011:  5  F 

#1012:  135 F 
#1013:  251 F 
#1014:  676 F 
#1015:  3423  F 
#1016:  508 F 
#1017:  1815  F 
#1018:  155  F 
#1019:  284  F 
#1021:  IF 

#1022:  37  F 
#1024:  313  F 
#1025:  33  F 
#1026:  182 F 
#1027:  310  F 
#1028:  271 F 
#1029:  998  F 
#1030:  17  F 

#1031:  89  F 
#1033:  30  F 
#1034:  12  F 

#1035:  32  F 
#1036:  53  F 
#1037:  1138  F 
#1038:  497  F 
#1039:  2083  F 
#1040:  71  F 
#1041:  12  F 

#1042:  91 F 
#1043:  27  F 
#1044:  36  F 
#1046:  26  F 
#1049:  34  F 
#2000:  4  F 

#2001:  1222  F 
#2002:  10  F 

#2003:  210  F 
#2004:  142 F 


#2010: 

117  F 

#2011: 

16  F 

#2012: 

183  F 

#2013: 

379  F 

#2014: 

121  F 

#2015: 

2  F 

#2016: 

61  F 

#2017: 

38  F 

#2023: 

71  F 

#2024: 

43  F 

#2025: 

76  F 

#2026: 

4  F 

#2027: 

4  F 

#2028: 

12  F 

#2029: 

73  F 

#2030: 

156  F 

#2032: 

96  F 

#2034: 

398  F 

#2035: 

346  F 

#2036: 

1204  F 

#2037: 

10  F 

#2038: 

30  F 

#2039: 

4  F 

#2040: 

54  F 

#2042: 

12  F 

#2044: 

8  F 

#2045: 

6  F 

#2046: 

316  F 

#2049: 

73  F 

77  total  devices  being  upset. 
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Appendix  E:  Baseline  Digital  Test  Data  -  Upset  Data  Files 


Upset  056 

■#1048:  164  F 

900  MHz,  500  Watts,  Digital 

#1049:  137  F 

Start  Time  is:  Mon  Jan  08  10:17:54  1996 

#2000:  172 F 
#2001:  181  F 

Mon  Jan  08  10:36:25  1996 

#2002:  187 F 

#1000:  268 F 

#2003:  151 F 
#2004:  157  F 

#1001:  1398  F 

#2005:  558  F 

#1002:  502  F 

#2006:  2077 F 

#1003:  279 F 

#2007:  2017  F 

#1004:  443 F 

#2008:  144  F 

#1005:  367 F 

#2009:  93  F 

#1006:  408 F 

#2010:  186 F 

#1007:  341  F 

#2011:  187 F 

#1008:  289  F 

#2012:  130 F 

#1009:  269 F 

#2013:  165 F 

#1010:  177 F 

#2014:  1971  F 

#1011:  978  F 

#2015:  2161  F 

#1012:  294 F 

#2016:  1794  F 

#1013:  297 F 

#2017:  1885  F 

#1014:  1063  F 

#2018:  2096  F 

#1015:  517  F 

#2019:  2010  F 

#1016:  2471 F 

#2020:  2094  F 

#1017:  914  F 

#2021:  1935  F 

#1018:  988 F 

#2022:  2103  F 

#1019:  2144  F 

#2023:  2191  F 

#1020:  86  F 

#2024:  2178  F 

#1021:  224  F 

#2025:  2177  F 

#1022:  1516  F 

#2026:  2002  F 

#1023:  954  F 

#2027:  2062  F 

#1024:  134  F 

#2028:  2161  F 

#1025:  1092  F 

#2029:  2424  F 

#1026:  68  F 

#2030:  268 F 

#1027:  254  F 

#2031:  2089  F 

#1028:  108 F 

#2032:  2070  F 

#1029:  125  F 

#2033:  2374 

#1030:  172 F 

#2034:  1939  F 

#1031:  258  F 

#2035:  2035  F 

#1032:  134  F 

#2036:  2281  F 

#1033:  97  F 

#2037:  2224  F 

#1034:  187  F 

#2038:  484  F 

#1035:  1106  F 

#2039:  224  F 

#1036:  96  F 

#2040:  294  F 

#1037:  227  F 

#2041:  262  F 

#1038:  160  F 

#2042:  208 F 

#1039:  157  F 

#2043:  461 F 

#1040:  91 F 

#2044:  260 F 

#1041:  163  F 

#2045:  224  F 

#1042:  246  F 

#2046:  271 F 

#1043:  103  F 

#2047:  230  F 

#1044:  874  F 

#2048:  287 F 

#1045:  463  F 

#2049:  367  F 

#1046:  150  F 
#1047:  153  F 

100  total  devices  being  upset. 
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Appendix  E:  Baseline  Digital  Test  Data  -  Upset  Data  Files 


Upset.057 

900  MHz,  125  Watts,  Digital 

Start  Time  is:  Mon  Jan  08  10:37:58  1996 

Mon  Jan  08  10:56:20  1996 


#1000: 

3372  F 

#1001: 

1172  F 

#1002: 

704  F 

#1003: 

70  F 

#1004: 

42  F 

#1005: 

62  F 

#1006: 

95  F 

#1007: 

27  F 

#1008: 

327  F 

#1009: 

1  F 

#1010: 

212  F 

#1011: 

1 134  F 

#1012: 

38  F 

#1013: 

2  F 

#1014:  3203  F 
#1015:  1187  F 
#1016:  2518  F 
#1017:  3349  F 
#1018:  3320  E 
#1019:  3474  F 


#102 

326  F 

#102 

63  F 

#102 

578  F 

#102 

978  F 

#102 

774  F 

#102 

15  F 

#1026 

1173  F 

#102 

2191  F 

#1028 

26  F 

#1029 

1  F 

#1030 

138  F 

#1031 

7  F 

#1032 

37  F 

#1033 

70  F 

#1034 

18  F 

#1035 

15  F 

#1036 

190  F 

#1037 

222  F 

#1038 

1462  F 

#1039 

1844  F 

#1040 

48  F 

#1041 

1547  F 

#1042 

1392  F 

#1043 

8  F 

#1044 

15  F 

#1045 

386  F 

#1046 

16  F 

#1047 

79  F 

#1048 

2  F 

#1049 

2  F 

#2000:  637 F 
#2001:  133  F 
#2002:  2  F 

#2003:  21  F 
#2004:  68  F 
#2005:  394  F 
#2006:  52  F 


#2007: 

IF 

#2008: 

2  F 

#2009: 

2  F 

#2010: 

7  F 

#2011: 

33  F 

#2012: 

2  F 

#2013: 

3  F 

#2014: 

65  F 

#2015: 

IF 

#2016: 

2  F 

#2017: 

2  F 

#2018: 

IF 

#2019: 

IF 

#2020: 

IF 

#2021: 

2  F 

#2022: 

2  F 

#2023: 

5  F 

#2024: 

32  F 

#2025: 

IF 

#2026: 

2  F 

#2027: 

2  F 

#2028: 

IF 

#2029: 

364  F 

#2030: 

177  F 

#2031: 

IF 

#2032: 

2  F 

#2033: 

7  F 

#2034: 

184  F 

#2035: 

6  F 

#2036: 

32  F 

#2037: 

IF 

#2038: 

114  F 

#2039: 

30  F 

#2040: 

117  F 

#2041: 

2  F 

#2042: 

20  F 

#2043: 

253  F 

#2044: 

20  F 

#2045: 

53  F 

#2046: 

2  F 

#2047: 

342  F 

#2048: 

2  F 

#2049:  111  F 

100  total  devices  being  upset. 

71  devices  with  5  or  more  upsets,  29  with  1,  2, 
or  3  upsets 
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Appendix  F:  Baseline  Analog  Test  Data 


Analog  Baseline  Testing,  Test56.o25  (Sorted 


Conditions:  Vmon=4.3,  Vps=+/-7.5, 


5BEHJ3J1I 


Test  fixture  A2  (With  EMI  protection)  in  West  location,  using  West  monitor  bd. 


Source  data  Test56.o25 
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Appendix  G:  Baseline  Analog  Test  Data  -  Upset  Data  Files  vs.  Upsets 
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Appendix  H:  Baseline  Analog  Test  Data  -  Upset  Data  Files 

t 


UPSET.030 
800  MHz,  1000  Watts,  Analog 

Start  Time  is:  Tue  Dec  19  02:23:49  1995 
Tue  Dec  19  02:44:21  1995 

#3151:  67 F #3152:  66  F #3153:  67 F #3154 
#3158:  67  F  #3159:  67  F  #3160:  67  F  #3161 
#3165:  67 F #3166:  67 F #3167:  67 F #3168 
#3172:  66  F  #3173:  66  F  #3174:  66  F  #3175 
#3179:  67  F  #3180:  67  F  #3181:  67  F  #3182 
#3186:  67 F #3187:  67 F #3188:  67 F #3189 
#3193:  67  F  #3194:  67F#3195:  67F#3196 
#3200:  67  F  #4151:  67  F  #4152:  67  F  #4153 
#4157:  67  F  #4158:  67  F  #4159:  67  F  #4160 
#4164:  67  F  #4165:  67  F  #4166:  67  F  #4167 
#4171:  67 F #4172:  67 F #4173:  67 F #4174 
#4178:  67  F  #4179:  67  F  #4180:  67  F  #4181 
#4185:  67  F  #4186:  67  F  #4187:  67  F  #4188 
#4192:  67  F  #4193:  67  F  #4194:  67  F  #4195 
#4199:  67  F  #4200:  67  F 

100  total  devices  being  upset 


67  F  #3155:  67  F  #3156:  67  F  #3157:  67  F 

67  F  #3162:  67  F  #3 163:  67  F  #3164  :  67  F 

67  F  #3169:  67  F  #3170:  66  F  #3171:  66  F 

67  F  #3176:  67  F  #3177:  67  F  #3178:  67  F 

67  F  #3183:  67  F  #3184:  67  F  #3185:  67  F 

67  F  #3190:  67  F  #3191:  67  F  #3192:  67  F 

67  F  #3197:  67  F  #3198:  67  F  #3199:  67  F 

67  F  #4154:  67  F  #4155:  66  F  #4156:  67  F 

67  F  #4161:  67  F  #4162:  67  F  #4163:  67  F 

67  F  #4168:  67  F  #4169:  67  F  #4170:  67  F 

67  F  #4175:  67  F  #4176:  67  F  #4177:  67  F 

67  F  #4182:  67  F  #4183:  67  F  #4184:  67  F 

67  F  #4189:  67  F  #4190:  67  F  #4191:  67  F 

67  F  #4196:  67  F  #4197:  67  F  #4198:  67  F 


HI 


Appendix  H:  Baseline  Analog  Test  Data  -  Upset  Data  Files 


UPSET.031 

800  MHz,  250  Watts,  Analog 

Start  Time  is:  Tue  Dec  19  02:49:00  1995 
TueDec  19  03:10:19  1995 

#3101:  855  F 
#3102:  5100  F 
#3103:  112  F 
#3104:  32  F 
#3105:  3661  F 
#3106:  10  F 
#3107:  22  F 
#3108:  327 F 
#3109:  1725  F 
#3110:  234 F 
#3111:  2746  F 
#3112:  1922  F 
#3114:  2808  F 
#3115:  2367  F 
#3116:  18  F 

#3117:  IF 
#3118:  309  F 
#3119:  1851  F 
#3120:  5238  F 
#3121:  1465  F 
#3122:  1817  F 
#3123:  350 F 
#3124:  1465  F 
#3125:  48  F 
#3126:  27  F 

#3127:  150  F 
#3128:  5  F 

#3129:  11 F 

#3131:  348  F 
#3132:  12466 F 
#3137:  24  F 
#3138:  7  F 

#3139:  8  F 

#3140:  9  F 

#3142:  2  F 

#3144:  64  F 
#3145:  7  F 

#3146:  166  F 
#3147:  28  F 
#3148:  8  F 

#3150:  2  F 

#4102:  12466  F 
#4103:  IF 
#4107:  21 F 
#4110:  4  F 

#4113:  IF 
#4115:  32  F 
#4120:  246 F 


#4123:  1 17  F 
#4124:  5286  F 
#4125:  41  F 
#4126:  9  F 

#4127:  2684  F 
#4131:  1257  F 
#4132:  3697  F 
#4133:  5260  F 
#4134:  94  F 
#4135:  1653  F 
#4136:  355 F 
#4137:  3260  F 
#4138:  2999  F 
#4139:  1938  F 
#4141:  2767  F 
#4142:  3245  F 
#4143:  5306  F 
#4144:  2802  F 
#4145:  6643  F 
#4146:  2628  F 
#4147:  2965  F 
#4148:  1 F 

#4150:  25  F 

71  total  devices  being  upset 
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Appendix  H:  Baseline  Analog  Test  Data  -  Upset  Data  Files 


UPSET.032 

800  MHz,  63  Watts,  Analog 

Start  Time  is:  Wed  Dec  20  13:41:17  1995 
Wed  Dec  20  14:02:58  1995 


#3102: 

552  F 

#3104: 

1  F 

#3105: 

157  F 

#3109: 

50  F 

#3111: 

9  F 

#3112: 

23  F 

#3114: 

75  F 

#3115: 

115  F 

#3119: 

8  F 

#3120: 

531  F 

#3122: 

8  F 

#3132: 

1 1274  F 

#4102: 

1 1274  F 

#4124: 

287  F 

#4127: 

15  F 

#4132: 

100  F 

#4133: 

59  F 

#4135: 

1  F 

#4137: 

24  F 

#4138: 

20  F 

#4139: 

5  F 

#4141: 

34  F 

#4142: 

125  F 

#4143: 

147  F 

#4144: 

15  F 

#4145: 

521  F 

#4146: 

4  F 

#4147: 

4  F 

#4150: 

2  F 

29  total  devices  being  upset 
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Appendix  H:  Baseline  Analog  Test  Data  -  Upset  Data  Files 


UPSET.033 

#3150:  334 F 

1.4  GHz,  1000  Watts,  Analog 

#4101:  377  F 
#4102:  10833  F 

Start  Time  is:  Wed  Dec  20  14:07:42  1995 

#4103:  107  F 

Wed  Dec  20  14:24:23  1995 

#4104:  315  F 
#4105:  991 F 

#3101:  897  F 

#4106:  622  F 

#3102:  409 F 

#4107:  343  F 

#3103:  734 F 

#4108:  135  F 

#3104:  1389  F 

#4109:  308  F 

#3105:  2364  F 

#4110:  520  F 

#3106:  201  F 

#4111:  963  F 

#3107:  297  F 

#4112:  989 F 

#3108:  1636  F 

#4113:  1036  F 

#3109:  851  F 

#4114:  421  F 

#3110:  2332  F 

#4115:  1023  F 

#3111:  921  F 

#4116:  364  F 

#3112:  1062  F 

#4117:  120  F 

#3113:  382  F 

#4118:  977 F 

#3114:  1387 F 

#4119:  992  F 

#3115:  994  F 

#4120:  1811  F 

#3116:  293  F 

#4121:  569  F 

#3118:  2588  F 

#4122:  1181  F 

#3119:  1272  F 

#4123:  1042  F 

#3120:  1866  F 

#4124:  1135  F 

#3121:  2024  F 

#4125:  895  F 

#3122:  1267  F 

#4126:  582  F 

#3123:  1013  F 

#4127:  905  F 

#3124:  1244  F 

#4128:  336 F 

#3125:  234  F 

#4129:  590  F 

#3126:  385  F 

#4130:  902  F 

#3127:  166  F 

#4131:  1025  F 

#3128:  492  F 

#4132:  1490  F 

#3129:  1257  F 

#4133:  304  F 

#3130:  622  F 

#4134:  2079  F 

#3131:  114  F 

#4135:  818  F 

#3132:  10833  F 

#4136:  501  F 

#3133:  2355  F 

#4137:  975  F 

#3134:  593  F 

#4138:  1326  F 

#3135:  833  F 

#4139:  2013  F 

#3136:  1216  F 

#4141:  3336  F 

#3137:  1071 F 

#4142:  1300  F 

#3138:  1255  F 

#4143:  2531 

#3139:  704  F 

#4144:  819 F 

#3140:  546  F 

#4145:  2343  F 

#3141:  498  F 

#4146:  1961  F 

#3142:  642 F 

#4147:  1 124  F 

#3143:  1436  F 

#4148:  1813  F 

#3144:  2283  F 
#3145:  2707  F 

#4150:  1456  F 

#3146:  2904  F 
#3147:  1646  F 
#3148:  259  F 
#3149:  116  F 

97  total  devices  being  upset 
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Appendix  H:  Baseline  Analog  Test  Data  -  Upset  Data  Files 


UPSET.034 

1.4  GHz,  250  Watts,  Analog 

Start  Time  is:  Wed  Dec  20  14:26:14  1995 
Wed  Dec  20  14:43:09  1995 

#3104:  43  F 
#3105:  216  F 
#3108:  68  F 
#3109:  3  F 

#3110:  258 F 
#3111:  11 F 
#3112:  20  F 
#3114:  52  F 
#3115:  16  F 

#3118:  350 F 
#3119:  24  F 
#3120:  217 F 
#3121:  304  F 
#3122:  114  F 
#3123:  17  F 
#3124:  19  F 

#3126:  3  F 

#3129:  32  F 

#3132:  11192 F 
#3133:  73  F 
#3135:  14  F 

#3136:  13  F 

#3137:  4  F 

#3138:  47  F 
#3141:  12  F 

#3142:  17  F 

#3143:  8  F 

#3144:  65  F 
#3145:  160 F 
#3146:  97  F 
#4102:  11192  F 
#4103:  1 F 

#4105:  4  F 

#4106:  24  F 

#4111:  12  F 

#4112:  IF 
#4113:  4  F 

#4119:  3  F 

#4120:  37  F 
#4122:  38  F 
#4132:  75  F 
#4134:  182  F 
#4135:  9  F 

#4138:  13  F 

#4139:  117  F 
#4141:  222  F 
#4142:  4  F 

#4143:  158  F 


#4145:  313  F 
#4146:  137 F 
#4148:  32  F 
#4150:  48  F 

52  total  devices  being  upset. 
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Appendix  F:  Total  Analog  Device  Upset  Test  Data 

UPSET.035  \ 

1.4  GHz,  63  Watts,  Analog 

Start  Time  is:  Wed  Dec  20  14:45:40  1995 
Wed  Dec  20  14:51:13  1995 

#3132:  3184  F 
#4102:  3184  F 

2  total  devices  being  upset 
(2  is  the  quiescent  upset  level) 
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Appendix  H:  Baseline  Analog  Test  Data  -  Upset  Data  Files 


UPSET.036 

800  MHz,  500  Watts,  Analog 

Start  Time  is:  Fri  Dec  22  13:53:13  1995 
Fri  Dec  22  14:16:01  1995 

#3101:  2846  F 
#3102:  6543  F 
#3103:  1008  F 
#3104:  548  F 
#3105:  4059  F 
#3106:  654 F 
#3107:  434 F 
#3108:  2586  F 
#3109:  3084  F 
#3110:  1579 F 
#3111:  5547  F 
#3112:  5204  F 
#3113:  12  F 

#3114:  4375  F 
#3115:  3205 F 
#3116:  248 F 
#3118:  1968 F 
#3119:  3822 F 
#3120:  7264  F 
#3121:  3345  F 
#3122:  3567 F 
#3123:  1589 F 
#3124:  3980  F 
#3125:  665  F 
#3126:  244 F 
#3127:  1064  F 


#3128: 

93  F 

#3129: 

141  F 

#3130: 

226  F 

#3131: 

1054  F 

#3132: 

11265 F 

#3133: 

47  F 

#3134: 

117  F 

#3135: 

54  F 

#3136: 

312  F 

#3137: 

351  F 

#3138: 

191 

#3139: 

609  F 

#3140: 

229  F 

#3141: 

64  F 

#3142: 

211  F 

#3143: 

323  F 

#3144: 

603  F 

#3145: 

301  F 

#3146: 

406  F 

#3147: 

670  F 

#3148: 

312  F 

#3150: 

1679  F 

<#4 101:  492  F 
#4102:  11265  F 
#4103:  360  F 
#4106:  287 F 
#4107:  136  F 
#4110:  5  F 

#4111:  600  F 
#4112:  283  F 
#4113:  1228  F 
#4114:  40  F 
#4115:  1226  F 
#4116:  665  F 
#4118:  117  F 
#4119:  68  F 
#4120:  2920  F 
#4121:  751  F 
#4123:  763  F 
#4124:  5139  F 
#4125:  674  F 
#4126:  542 F 
#4127:  3218  F 
#4129:  628  F 
#4131:  2917  F 
#4132:  4427  F 
#4133:  5312  F 
#4134:  537 F 
#4135:  2342  F 
#4136:  1115  F 
#4137:  3096  F 
#4138:  4604  F 
#4139:  2335  F 
#4141:  3443  F 
#4142:  4514  F 
#4143:  6196  F 
#4144:  3773  F 
#4145:  5991  F 
#4146:  4124  F 
#4147:  4512  F 
#4148:  87  F 
#4150:  307 F 

88  total  devices  being  upset 
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Appendix  H:  Baseline  Analog  Test  Data  -  Upset  Data  Files 


UPSET.037 

800  MHz,  125  Watts,  Analog 

Start  Time  is:  Fri  Dec  22  14:18:44  1995 
Fri  Dec  22  14:35:56  1995 

#3101:  236  F 
#3102:  2960  F 
#3103:  2  F 

#3104:  3  F 

#3105:  1592  F 
#3108:  58  F 
#3109:  688  F  . 

#3110:  26  F 
#3111:  866  F 
#3112:  590  F 
#3114:  1088  F 
#3115:  1271  F 
#3116:  3  F 

#3118:  41 F 
#3119:  672  F 
#3120:  2799  F 
#3121:  435  F 
#3122:  449  F 
#3123:  19  F 

#3124:  393 F 
#3126:  1 F 

#3132:  11157  F 
#3150:  IF 
#4102: 11157 F 
#4110:  IF 
#4113:  18  F 

#4124:  1915  F 
#4127:  538  F 
#4131:  254  F 
#4132:  1229  F 
#4133:  1133  F 
#4135:  362 F 
#4137:  617  F 
#4138:  498  F 
#4139:  126  F 
#4141:  565  F 
#4142:  1331  F 
#4143:  1468  F 
#4144:  778 F 
#4145:  2690  F 
#4146:  452  F 
#4147:  433  F 

42  total  devices  being  upset 
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Appendix  H:  Baseline  Analog  Test  Data  -  Upset  Data  Files 


UPSET.038 

#4105: 

23  F 

1.4  GHz,  500  Watts,  Analog 

#4106: 

54  F 

#4107: 

7F 

Start  Time  is:  Fri  Dec  22  14:37:29  1995 

#4110: 

57  F 

Fri  Dec  22  14:54:29  1995 

#4111: 

DOF 

#4112: 

70  F 

#3101: 

103  F 

#4113: 

124  F 

#3102: 

19  F 

#4114: 

15  F 

#3103: 

70  F 

#4115: 

286  F 

#3104: 

223  F 

#4116: 

41  F 

#3105: 

1078  F 

#4118: 

77  F 

#3106: 

51  F 

#4119: 

196  F 

#3107: 

33  F 

#4120: 

261  F 

#3108: 

405  F 

#4121: 

45  F 

#3109: 

156  F 

#4122: 

83  F 

#3110: 

1272  F 

#4123: 

191  F 

#3111: 

174  F 

#4138: 

359  F 

#3112: 

188  F 

#4139: 

441  F 

#3113: 

33  F 

#4141: 

767  F 

#3114: 

280  F 

#4142: 

163  F 

#3115: 

198  F 

#4143: 

880  F 

#3116: 

IF 

#4144: 

53  F 

#3118: 

999  F 

#4145: 

1196  F 

#3119: 

235  F 

#4146: 

444  F 

#3120: 

497  F 

#4147: 

41  F 

#3121: 

631  F 

#4148: 

233  F 

#3122: 

259  F 

#4150: 

242  F 

#3123: 

61  F 

#3124: 

193  F 

75  total 

devices  being  upset 

#3125:  5  F 

#3126:  39  F 

#3127:  21  F 

#3128:  5  F 

#3129:  356  F 
#3130:  21 F 

#3132:  11130  F 
#3133:  578 F 
#3134:  88  F 

#3135:  1 F 

#3136:  110  F 
#3137:  454 F 
#3138:  120 F 
#3139:  106  F 
#3140:  49  F 
#3141:  31 F 
#3142:  157 F 
#3143:  35  F 
#3144:  227  F 
#3145:  209  F 
#3146:  186  F 
#3147:  149  F 
#3148:  8  F 

#4101:  18  F 

#4102:  11  DOF 
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UPSET.039 

1.4  GHz,  125  Watts,  Analog 

Start  Time  is:  Fri  Dec  22  14:55:44  1995 
Fri  Dec  22  15:01:10  1995 

#3132:  3185  F 
#4102:  3185  F 
#4139:  1 F 

3  total  devices  being  upset 
(2  upsets  is  the  uiescent  level) 
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Appendix  J:  Analog  Reliability  Test  Data  -  Test  #1 


I  ESSES 


DAT0123 


DAT0123 


DAT0123 


DAT0123 


DAT0123 


DAT0123 


DAT0123 


DAT0123 


DAT0123 


DAT0123 


DAT0123 


DAT0123 


DAT0123 


DAT0123 


DAT0123 


DAT0123 


DAT0123 


DAT0125 


DAT0125 


DAT0125 


DAT0125 


DAT0125 


DAT0125 


DAT0125 


DAT0125 


DAT0125 


ll»7_UiiKM 


DAT0125 


DAT0125 


DAT0125 


DAT0125 


DAT0125 


DAT0125 


DAT0125 


DAT0125 


DAT0125 


DAT0125 


DAT0125 


DAT0125 


DAT0125 


DAT0126 


DAT0126 


DAT0126 


DAT0126 


DAT0126 


DAT0126 


DAT0126 


DAT0126 


DAT0126 


DAT0126 


EUaHSGIB— 


Appendix  J:  Analog  Reliability  Test  Data  -  Test  #1 


SubDir 


DAT0126 


DAT0126 


DAT0126 


DAT0126 


DAT0126 


DAT0126 


DAT0126 


DAT0126 


DAT0126 


DAT0126 


DAT0126 


DAT0126 


DAT0126 


DAT0126 


DAT0126 


DAT0126 


DAT0126 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DATG129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 

297 

DAT0129 

298 

DAT0129 

299 

DAT0129 

300 

DAT0129 

301 

_ Devices  I 


Bd  #1  Bd  #2 


74  77 


73  I  74 


77 


Date(1996) 


1  26 


77 

79 

1 

75 

75 

1  26 


1 


1  I  27 


1  27 


1  27 


1  27 


1  27 


27 


0.09 


0.07  14  Min 


0.07  4  Min 


Appendix  J:  Analog  Reliability  Test  Data  -  Test  #1 


Devices 


SubDir 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


EgjtHll 


DAT0129 


DAT0129 


DAT0129 


DAT0130 


DAT0130 


DAT0130 


DAT0130 


DAT0130 


DAT0130 


DAT0130 


DAT0130 


DAT0130 


DAT0130 


li.7w.rev 


DAT0130 


DAT0130 


DAT0130 


DAT0130 


DAT0130 


DAT0130 


DAT0130 


DAT0130 


DAT0130 


DAT0130 


DAT0130 


DAT0130 


DAT0130 


DAT0131 


DAT0131 


DAT0131 


DAT0131 


DAT0131 


DAT0131 


DAT0131 


DAT0131 


DAT0131 


DAT0131 


DAT0131 


DAT0131 


DAT0131 


DAT0131 


DAT0131 


DAT0131 


Test# 

302 

303 

304 

305 

306 

307 

308 

309 

310 

311 

312 

313 

314 

315 

316 

317 

318 

319 

320 

321 

322 

323 

324 

325 

326 

327 

328 

329 

330 

331 


332 


333 


334 


335 


336 


337 


338 


339 


340 


341 


342 


343 


344 


345 


346 


347 


348 


349 


350 


351 


75  77 

75  75 


78  76 

76  79 


78  78 

76  80 


76  |  79 


76  81 


75  71 


74  |  69 


76  I  79 


76  I  81 


Upset 


Total 


152 


156 


151 


152 


150 


154 


157 


154 


152 


152 


143 


154 


154 


155 


152 


156 


156 


156 


155 


152 


153 


160 


158 


154 


156 


157 


157 


156 


155 


155 


157 


155 


157 


146 


143 


156 


156 


154 


156 


155 


I  157 


155 


159 


159 


157 


157 


155 


157 


153 


156 


i  size  (Mb)  | _ 


ave  I  part  |  Notes 


Appendix  J:  Analog  Reliability  Test  Data  -  Test  #1 


SubDir 

11 

DAT0131 

II 

DAT0131 

DAT0131 

DAT0131 

DAT0131 

DAT0131 

DAT0131 

DAT0131 

DAT0201 

DAT0201 

DAT0201 

DAT0201 

DAT0201 

DAT0201 

DAT0201 

DAT0201 

DAT0201 

DAT0201 

DAT0201 

DAT0201 

DAT0201 
DAT0201 
DATQ201 
DAT0201 
DAT0201 
DAT0201 
DAT0201 
DAT0201 
DAT0201 
DAT0201 
DAT0201 
DAT0201 
DAT0201 
DATQ201 
DAT0202 
DAT0202 
DAT0202 
DAT0202 
DATQ202 
DAT0202 
DATQ202 
DAT0202 
DAT0202 
DAT0202 
DAT0202 
DATQ202 
DATQ205 
DAT0205 
0205 
0205 


EE 

GEE 


Devices  Upset 


Bd  #1  |  Bd  #2  Total 


82  157 


82  158 


81  157 


81  156 


82  157 


79  154 


77  155 


77  151 


69  140 


79  154 


82  157 


81  155 


81  155 


79  153 


80  156 


80  156 


82  157 


79  150 


82  159 


81  |  155 


74 


75 


75 


76 


76 


75 


75 


76 


75 


74 


74 


74 


75 


76 


75 


72 


75 


76 


77 


76 


76 


76 


76 


72 


75 


77 


75 


75  I  72 


Date(1996) 


1  31 


1  31 


31 


1  31 


31 


1  31 


1  31 


1  31 


1  31 


1  31 


1  31 


1  31 


79  I  154 


78  153 


83  159 


78  154 


81  156 


79  154 


81  157 


80  155 


80  154 


78  152 


82  156 


82  157 


82  158 


76  151 


70  142 


79  154 


80  156 


81  158 


79  155 


78  154 


77  153 


78  154 


77  149 


80  155 


80  157 


78  |  153 


0.82 


0.08  |4  Min 


0.52 


0.08  14  Min 


82 


82 


83  |  161 


0.08  |4  Min 


Appendix  J:  Analog  Reliability  Test  Data  -  Test  #1 


SubDir 
DAT0205 ~ 
DAT0205 ~ 
DAT0205 ' 
DAT0205 ~ 
DAT0205 ' 
DAT0205 ~ 
DAT0205  ' 
DAT0205 ~ 
DAT0205  " 
DAT0205 
DAT0205 ~ 
DAT0205 
DAT0205 
DAT0205  ' 
DAT0205  ' 
DAT0205 
DAT0205 
DAT0205 
DAT0205 ~ 
DAT0205  ~ 
DAT0205 
DAT0205 
DAT0205 
DAT0205 
DAT0205 
DAT0205 
DAT0205 
DAT0205 
PAT0205 
DAT0205 
DAT0205 
DAT0205 
DAT0205 
DAT0205 
DAT0205 
DAT0205 
DAT0205 
DAT0205 


DAT0205 


DAT0205 


DAT0205 


DAT0205 


DAT0205 


DAT0205 


DAT0205 


DAT0205 


DAT0205 


DAT0205 


DAT0205 


DAT0205 


Devices  I 


Bd  #1  |  Bd  #2 
76 


76  79 

73  81 


iKwaiigranigHiiifnf  ii 


154 

155 

154 

157 

158 

154 

156 

158 

154 

155 

153 

155 

153 

153 

153 

153 

2  I  2 


i  size  (Mb) 


part 
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Appendix  J:  Analog  Reliability  Test  Data  -  Test  #1 


Devices  Upset 


Bd  #1  |  Bd  #2 1  Total 


SubDir  1 1  Test# 


DAT0205 1  |  452  I  74  I  82  I  156 


DAT0205 1  |  453  74  79  153 


DAT0205 1  454  73  81  154 


DAT0205I  |  455  |  74  77  151 


DAT0205  M  456  72  84  156 


DAT0205 1 1  457  74  81  155 


DAT0205 1  |  458  73  80  153 


DAT0205 1  459  73  82  155 


DAT0205 1  460  74  81  155 


DAT0205  M  461  73  75  148 


DAT0205  462  72  80  152 


DAT0205 1  463  73  82  155 


DAT0205 1  |  464  73  83  156 


DAT0205  465  72  78  150 


DAT0206 1  |  466  69  69  138 


DAT0206  467  75  84  159 


DAT0206II  468  75  83  158 


DAT0206  M  469  75  86  161 


DAT0206 1  |  470  77  82  159 


DAT0206  471  75  80  155 


DAT0206I1  472  75  81  I  156 


DAT0206 1  473  75  78  153 


DAT0206I1  474  75  82  I  157 


DAT0206 1  475  79  81  160 


DAT0206 1  |  476  76  83  159 


DAT0206  477  76  81  157 


DAT0206 1  |  478  75  82  157 


DAT0206M  479  76  81  157 


DAT0206 | |  480  |  77  81  |  158 


DAT0206II  481  |  75  84  I  159 


DAT0206 1  |  482  76  82  I  158 


DAT0206  H  483  75  77  I  152 


DAT0206 1  |  484  77  81  158 


DAT0206 1  |  485  74  83  I  157 


DAT0206 1  I  486  77  82  M59 


DAT0206M  487  I  77  81  I  158 


DAT0206 1  |  488  |  76  79  I  155 


DAT0206I I  489  I  76  85  I  161 


DAT0207 1  |  490  73  73  M46 


DAT0207 1  |  491  76  79  I  155 


DAT0207 1  |  492  78  81  I  159 


DAT0207 1  |  493  77  82  159 


DAT0207 1  |  494  76  81  157 


DAT0207M  495  74  73  147 


DAT0207 1  |  496  76  75  I  151 


DAT0207 1  |  497  76  77  153 


DAT0207 1  |  498  |  77  74  I  151 


DAT0207 1  499  77  77  I  154 


DAT0207 1  |  500  78  78  156 


DAT0207 1  I  501  77  74  I  151 


mil 


Date(1996) 


II 


IK^I  i 


■sail 


2  I  6 


full  |  ave  |  part  I  Notes 


0.69 


0.08  14  Min 


1.1  1.12 
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SubDir 


DAT0209 


DAT0209 


DAT0209 


DAT0209 


DAT0209 


DAT0209 


DAT0209 


DAT0209 


DAT0209 


DAT0209 


DAT0212 


DAT0212 


DAT0212 


DAT0212 


DAT0212 


DAT0212 


DAT0212 


DAT0212 


DAT0214 


DAT0214 


DAT0214 


DAT0214 


DAT0214 


DAT0214 


DAT0214 


DAT0214 


DAT0214 


DAT0214 


DAT0214 


DAT0214 


DAT0214 


DAT0214 


DAT0214 


DAT0214 


DAT0215 


DAT0215 


DAT0215 


DAT0215 


DAT0215 


DAT0215 


DAT0215 


DAT0215 


DAT0215 


DAT0215 


DAT0215 


DAT0215 


DAT0215 


DAT0215 


DAT0215 


DAT0215 
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Appendix  J:  Analog  Reliability  Test  Data  -  Test  #1 


SubDir 


DAT0215 


DAT0215 


DAT0215 


DAT0215 


DAT0216 


DAT0216 


DAT0216 


DAT0216 


DAT0216 


DAT0216 


DAT0216 


DAT0216 


DAT0216 


DAT0216 


DAT0216 


DAT0216 


DAT0216 


DAT0216 


DAT0216 


DAT0216 


DAT0216 


DAT0216 


DAT0216 


DAT0216 


DAT0216 


DAT0216 


DAT0216 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


Devices 


Bd  #2 


73  I  76 


73  75 


72  I  73 


74  I  75 


76  78 


77  77 


76 


1^1 


73 


78 


75 


74 


77 


79 


77 


77 


77  I  76 


75  I  74 


76  I  73 


74  I  75 


ic mi 


Upset 


Total 


149 


148 


145 


141 


147 


149 


154 


154 


151 


147 


150 


148 


148 


147 


148 


147 


147 


152 


150 


149 


150 


151 


147 


153 


153 


148 


155 


148 


150 


155 


155 


154 


153 


153 


149 


153 


152 


148 


151 


146  151 


154 


150 


151 


152 


152 


149 


149 


I  148 


150 


150 


Date(1996) 


ave  |  part  |  Notes 


II 


II 


1.01 


1.01 


1.04 


1.02 

1.04  |  1.02 
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SubDir 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0219 


DAT0220 


DAT0220 


DAT0220 


DAT0220 


DAT0220 


DAT0220 


DAT0220 


DAT0220 


DAT0220 


DAT0220 


DAT0220 


DAT0220 


DAT0220 


DAT0220 


DAT0220 


DAT0220 


DAT0220 


DAT0220 


DAT0220 


DAT0220 


DAT0220 


DAT0220 


DAT0220 


DAT0220 


DAT0221 


DAT0221 


DAT0221 


DAT0221 


DAT0221 


DAT0221 


DAT0221 


DAT0221 


IES22I 


Devices  I 


Bd  #2 


76 


78 


79 


77 


77 


74 


77 


77 


79 


79 


79 


76 


76 


76 


77 


77 


76 


76  78 


72  72 


76  I  87 


76  84 


Date(1996) 


2  I  17 


2 


2 


2 


0.09  |4  Min 


0.86 


0.11  |4  Min 
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Appendix  J:  Analog  Reliability  Test  Data  -  Test  #1 


SubDir 


DAT0221 


DAT0221 


DAT0221 


DAT0221 


DAT0221 


DAT0221 


DAT0221 


DAT0221 


DAT0221 


DAT0221 


DAT0221 


DAT0221 


DAT0221 


DAT0221 


DAT0221 


DAT0221 


DAT0221 


DAT0221 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


DAT0222 


Test#  Bd#1 


77 


77 


75 


73 


74 


75 


73 


73 


73 


74 


73 


74 


73 


75 


75 


77 


77 


73 


63 


69 


69 


68 


71 


66 


69 


69 


66 


65 


66 


67 


66 


69 


67 


65 


66 


65 


66 


65 


68 


70 


66 


65 


67 


66 


67 


Devices  l 


Bd  #2 


82 


82 


80 


84 


82 


81 


81 


80 


81 


81 


80 


80 


80 


80 


82 


82 


81 


81 


69 


85 


80 


79 


79 


75 


78 


79 


79 


76 


78 


81 


77 


78 


75 


78 


78 


78 


78 


77 


77 


78 


76 


76 


80 


77 


78 


jEgll 


Date(1996) 


1SE3II 


IEE1II 


i  size  (Mb) 


ave  |  part  |  Notes 


0.8 


0.09  4  Min 


man 


1.07  |  0.64 


Appendix  K:  Analog  Reliability  Test  Data  -  Test  #3  (Test  Period  #2) 


SubDir 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 


DAT0226 

DAT0226 


DAT0226 


Devices 


Bd  #1 


801  60 


802  67 


803  68 


804  67 


805  66 


806  70 


807  76 


808  80 


809  75 


810  75 


811  67 


812  69 


813  66 


814  66 


815  69 


816  69 


817  69 


818  66 


819  66 


820  66 


821  68 


822  65 


823  67 


824  67 


825  69 


826  66 


827  65 


68 


69 


830  |  69 


831  65 


832  68 


833  69 


834  68 


835  68 


836  66 


837  65 


838  63 


839  65 


840  60 


841  65 


842  64 


Upset 


Total  |  Ave 


115 


132 


138 


138 


134 


142 


155 


161 


155 


154  1142.4 


135 


139 


133 


133 


140 


138 


136 


132 


137 


134 


135 


134 


134 


132 


134 


134 


132 


139 


139 


142  1135.5 


135 


136 


139 


136 


134 


Date(1996) 


2  24 


2 


2  I  24 


File  size  (Mb) 


0.22 


0.23 


0.26 


0.24 


0.26 


0.27 


0.27 


0.26 


0.24  I  0.25 


0.26 


0.30 


0.28 


0.28 


0.31 


0.31 


0.31 


0.29 


0.28 


0.30  0.292 


0.25 


0.29 


0.24 


0.23 


0.23 


0.26 


0.31 


0.31 


0.32 


0.31  |0.275 


0.31 


0.22 


0.24 


0.24 


0.26 


0.24 


0.24 


0.25 


0.28 


0.29  I  0.257 


part 

Notes 

0.02 

4  Min 

Appendix  K:  Analog  Reliability  Test  Data  -  Test  #3  (Test  Period  #2) 


SubDir 
DAT0226 
DAT0226 
DAT0226 
DAT0226 
DAT0226 
DAT0226 
DAT0226 
DAT0226 
DAT0226 
DAT0226 
DAT0226 
DAT0226 
DAT0226 
DAT0226 
DAT0226 
DAT0226 
DAT0226 
DAT0226 
DAT0227 
DAT0227 
DAT0227 
DAT0227 
DAT0227 
DAT0227 
DAT0227 
DAT0227 
DAT0227 
DAT0227 
DAT0227 
DAT0227 
DAT0227 
DAT0227 
DAT0227 
DAT0227 
DAT0227 
DAT0227 
DAT0227 
DAT0227 
DAT0227 
DAT0227 
DAT0227 
DAT0228 
DAT0228 
DAT0228 
DAT0228 
DAT0228 
DAT0228  ' 
DAT0228  ' 
DAT0228 
DAT0228 


61 


66 


_51 _ 60 

53  61 
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Appendix  K:  Analog  Reliability  Test  Data  -  Test  #3  (Test  Period  #2) 


SubDir 


DAT0228 


DAT0228 


DAT0228 


DAT0228 


DAT0228 


DAT0228 


DAT0228 


DAT0228 


DAT0228 


DAT0228 


DAT0228 


DAT0228 


DAT0228 


DAT0228 


DAT0228 


DAT0229 


DAT0229 


DAT0229 


DAT0229 


DAT0229 


DAT0229 


DAT0229 


DAT0229 


DAT0229 


DAT0229 


DAT0229 


DAT0229 


DAT0229 


DAT0229 


DAT0229 


DAT0229 


DAT0229 


DAT0229 


DAT0229 


DAT0229 


DAT0229 


DAT0229 


DAT0229 


DAT0229 


DAT0229 


DAT0301 


DAT0301 


DAT0301 


DAT0301 


DAT0301 


DAT0301 


DAT0301 


DAT0301 


DAT0301 


Test#l 


901 


902 


903 


904 


905  I 


906 


907 


908 


909 


910 


911 


912 


913 


914 


915 


916 


917 


918 


919 


920 


921 


922 


923 


924 


925 


926 


927 


928 


929 


930 


931 


932 


933 


934 


935 


936 


937 


938 


939 


940 


941 


942 


943 


944 


945 


946 


947 


948 


949 


950 


Devices 


ii ism 


Upset  i 


Total  Ave 


116 


110 


111 


119 


114 


115 


114 


114 


114 


112  113.9 


111 


116 


115 


115 


119 


110 


125 


121 


122 


126  I  118 


125 


116 


117 


118 


108 


128 


128 


128 


122 


117  1120.7 


118 


116 


114 


117 


112 


118 


123 


117 


114 


105  1115.4 


98 


90 


110 


106 


112 


114 


112 


107 


110 


115  107.4 


File  size  (Mb) 
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Appendix  K:  Analog  Reliability  Test  Data  -  Test  #3  (Test  Period  #2) 


SubDir 

DAT0301 

DAT0301 

DAT0301 

DAT0301 

DAT0301 

DAT0301 

DAT0301 

DAT0301 

DAT0301 

DAT0301 

DAT0301 

DAT0301 

DAT0301 

DAT0301 

DAT0301 

DAT0301 

DAT0301 

DAT0301 

DAT0301 

DAT0301 

DAT03Q4 

DAT03Q4 

DAT0304 

DAT0304 

DAT0304 

DAT0304 

DAT0304 

DAT0304 

DAT0304 

DAT0304 

DAT0304 

DAT0304 

DAT0304 

DAT0304 

DAT0304 

DAT0304 

DAT0304 

DAT0304 

DAT0304 

DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


Test  #| 

951 

952 

953 

954 

955 

956 

957 

958 

959 

960 

961 

962 

963 

964 

965 

966 

967 

968 

969 

970 

971 

972 

973 

974 

975 

976 

977 

978 

979 

980 

981 

982 

983 

984 

985 

986 

987 

988 

989 

990 


991 


992 


993 


994 


995 


996 


997 


998 


999 


Knzai 


Devices  Upset 


i  usm 


59  113 


61  114 


57  109 


60  112 


59  110 


63  116 


58  106  I  113 


62  110 


63  111 


60  108 


60  110 


60  108 


56  101 


57  102 


59  105 


59  111 


47  89  1105.5 


48  85 


59  109 


61  105 


59  106 


61  111 


58  104 


61  116 


62  117 


60  114 


57  106  1107.3 


56  104 


55  110 


57  111 


60  106 


54  103 


55  101 


50  93 


54  98 


58  106 


64  119  1105.1 


59  112 


63  116 


64  119 


63  120 


64  120 


66  122 


62  111 


60  110 


60  108 


59  I  108  1114.6 


III 

!■■■ 

III 

Date(1 996) 

Time 

File  size  (Mb) 
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Appendix  K:  Analog  Reliability  Test  bata  -  Test  #3  (Test  Period  #2) 


SubDir 


DAT03Q4 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT03CM 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0304 


DAT0305 


DAT0305 


DAT0305 


DAT0305 


DAT0305 


DAT0305 


DAT0305 


DAT0305 


DAT0305 


DAT0305 


DAT0305 
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Appendix  K:  Analog  Reliability  Test  Data  -  Test  #3  (Test  Period  #2) 


SubDir 


DAT0305 


DAT0305 


DAT0305 


DAT0305 


DAT0305 


DAT0305 


DAT0305 


DAT0305 


DAT0305 


DAT0305 


DAT0305 


DAT0305 


DAT0305 


DAT0305 


DAT0305 


DAT0305 


DAT0306 


DAT0306 


DAT0306 


DAT0306 


DAT0306 


DAT0306 


DAT0306 


DAT0306 


DAT0306 


DAT0306 


DAT0306 


DAT0306 


DAT0306 


DAT0306 


DAT0306 


DAT0306 


DAT0306 


DAT0306 


DAT0306 


DAT0306 


DAT0306 


DAT0306 


DAT0306 


DAT0306 


DAT0306 


DAT0306 


DAT0307 


DAT0307 


DAT0307 


DAT0307 


DAT0307 


DAT0307 


DAT0307 


DAT0307 


Test  #1 


1051 


1052 


1053 


1054 


1055 


1056 


1057 


1058 


1059 


1060 


1061 


1062 


1063 


1064 


1065 


1066 


1067 


1068 


1069 


1070 


1071 


1072 


1073 


1074 


1075 


1076 


1077 


1078 


1079 


EEJUai 


Devices  Upset 


Bd  #2 1  Total  Ave 


57  102 


63  117 


66  130 


65  123 


65  121 


65  127 


66  126 


65  129 


62  115 


64  114  1120.4 


62  112 


63  120 


63  119 


67  127 


67  123 


60  116 


56  102 


66  125 


62  114 


62  115  1117.3 


63  110 


64  120 


71  128 


67  126 


65  118 


65  122 


64  114 


62  115 


65  114 


71  134  1120.1 


72  131 


72  130 


58  110 


60  110 


59  106 


71  129 


67  126 


71  130 


71  129 


67  124  1122.5 


69  134 


71  132 


58  108 


122 


121 


120 


122 


63  120 


65  121 


64  |120  I  122 
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Appendix  K:  Analog  Reliability  Test  Data  -  Test  #3  (Test  Period  #2) 


SubDir 


DAT0307 


DAT0307 


DAT0307 


DAT0307 


DAT0307 


DAT0307 


DAT0307 


DAT0307 


DAT0307 


DAT0307 


DAT0307 


DAT0307 


DAT0307 


DAT0307 


DAT0307 


DAT0307 


DAT0308 


DAT0308 


DAT0308 


DAT0308 


DAT0308 


DAT0308 


DAT0308 


DAT0308 


DAT0308 


DAT0308 


DAT0308 


DAT0308 


DAT0308 


DAT0308 


DAT0308 


DAT0308 


DAT0308 


DAT0308 


DAT0308 


DAT0308 


DAT0308 


DAT0308 


DAT0308 


DAT0308 


DAT0311 


DAT0311 


DAT031 1 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT031 1 


DAT031 1 


DAT0311 


Devices 


Test# 


1101 


1102 


1103 


1104 


1105 


1106 


1107 


1108 


1109 


1110 


1111 


1112 


1113 


1114 


1115 


1116 


1117 


1118 


1119 


1120 


1121 


1122 


1123 


1124 


1125 


1126 


1127 


1128 


1129 


1130 


1131 


1132 


1133 


1134 


1135 


1136 


1137 


1138 


1139 


1140 


1141 


1142 


1143 


1144 


1145 


1146 


1147 


1148 


IKE3JI 


MM 


55  I  62 


53  63 


56  60 


57  62 


51  60 


52  60 


49  60 


52  61 


58  63 


55  61 


58  64 


51  62 


56  64 


54  63 


54  65 


56  64 


45  57 


61  66 


59  65 


59  68 


55  61 


59  63 


54  62 


54  61 


53  63 


49  I  63 


52  I  56 


46  55 


45  58 


55  62 


51  62 


57  65 


51  62 


48  61 


52  61 


52  60 


53  61 


52  63 


36  49 


47  61 


46  63 


53  60 


53  61 


54  62 


54  62 


51  66 


53  65 


61  70 


Upset 


Total 


117 


116 


116 


119 


111 


112 


109 


113 


121 


116 


122 


113 


120 


117 


119 


120 


102 


127 


124 


127 


116 


122 


116 


115 


116 


112 


109 


105 


108 


101 


103 


117 


113 


122 


113 


109 


113 


112 


114 


115 


85 


108 


109 


113 


114 


116 


116 


117 


118 


131 


Ave  |  |Date{1996)||  Time 
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Appendix  K:  Analog  Reliability  Test  Data  -  Test  #3  (Test  Period  #2) 


SubDir 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT031 1 


DAT031 1 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


EHD 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


DAT0311 


Test  # 


1151 


1152 


1153 


1154 


1155 


1156 


1157 


1158 


1159 


1160 


1161 


1162 


1163 


1164 


1165 


1166 


1167 


1168 


1169 


1170 


1171 


1172 


1173 


1174 


1175 


1176 


1177 


1178 


1179 


1180 


1181 


1182 


1183 


1184 


1185 


1186 


1187 


1188 


1189 


1190 


1191 


1192 


1193 


1194 


1195 


1196 


1197 


1198 


1199 


\tmi 


135 

67  |  70  I  137  1133.2 
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Appendix  K:  Analog  Reliability  Test  Data  -  Test  #3  (Test  Period  #2) 


SubDir 


DAT0311 


DAT0311 


DAT031 1 


DAT0311 


DAT0311 


DAT031 1 


DAT031 1 


DAT031 1 


DAT0311 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 

DAT0313 

DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 

DAT0313 

DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 


DAT0313 
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Appendix  K:  Analog  Reliability  Test  Data  -  Test  #3  (Test  Period  #2) 


Devices 


SubDir 


DAT0313 
DAT0313 
DAT0313 
DAT0313 
DAT0313 
DAT0313 
DAT0313 
DAT0313 
DAT0313 
DAT0313 
DAT0313 
DAT0313 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT( 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DAT0315 
DATO 
DAT0315 
DAT0315 


Upset 


Total  Ave 


S3! 

IIEHEIII 


full  I  ave  I  part  |  Notes 


0.30 


0.30 


0.30 


0.15 


0.0214  Min 
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Appendix  K:  Analog  Reliability  Test  Dpta  -  Test  #3  (Test  Period  #2) 


Devices 


SubDir 


DAT0315 


DAT0315 


DAT0315 


DAT0315 


DAT0315 


DAT0315 


DAT0315 


DAT0315 


DAT0315 


DAT0315 


DAT0315 


DAT0315 


DAT0315 


DAT0315 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


ebeii 


II^EEDlEIEa 


1301 


1302 


1303 


1304 


1305 


1306 


1307 


1308 


1309 


1310 


1311 


1312 


1313 


1314 


1315 


1316 


1317 


1318 


1319 


1320 


1321 


1322 


1323 


1324 


1325 


1326 


1327 


1328 


1329 


1330 


1331 


1332 


1333 


1334 


1335 


1336 


1337 


1338 


1339 


1340 


1341 


1342 


1343 


1344 


1345 


1346 


1347 


1348 


1349 


1350 


67  I  72 


65  74 


64  72 


67  74 


66  74 


64  73 


65  75 


64  73 


64  73 


64  I  70 


Appendix  K:  Analog  Reliability  Test  Data  -  Test  #3  (Test  Period  #2) 


SubDir 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0318 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 
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Appendix  K:  Analog  Reliability  Test  Data  -  Test  #3  (Test  Period  #2) 


Devices 


SubDir 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0320 


DAT0322 


DAT0322 


DAT0322 


DAT0322 


DAT0322 


DAT0322 


DAT0322 


DAT0322 


DAT0322 


DAT0322 


DAT0322 


DAT0322 


DAT0322 


DAT0322 


DAT0322 


DAT0322 


DAT0322 


DAT0322 


DAT0322 


DAT0322 


Test# 


401 

402 

403 

404 

405 

406 

407 

408 

409 

410 

411 

412 

413 

414 

415 

416 

417 

418 

1419 

1420 

1421 

1422 

1423 

1424 

1425 

1426 

1427 

1428 

1429 

1430 


1431 


1432 


1433 


1434 


1435 


1436 


1437 


1438 


1439 


1440 


1441 


1442 


1443 


1444 


1445 


1446 


1447 


1448 


tisnuisnai 


Upset _ 


Total  Ave 


140 


142 


142 


145 


143 


142 


143 


142 


143 


143  1142.5 


143 


144 


143 


144 


140 


138 


141 


142 


137 


139  141.1 


138 


143 


141 


140 


145 


139 


146 


143 


141 


148  1142.4 


133 


146 


144 


142 


140 


146 


143 


141 


141 


138  1141.4 


138 


143 


138 


140 


141 


141 


140 


138 


138 


K  13 


Appendix  K:  Analog  Reliability  Test  Data  -  Test  #3  (Test  Period  #2) 


DAT0322 

DAT0322 

DAT0322 

DAT0322 

DAT0322 

DAT0322 

DAT0322 

DAT0322 

DAT0322 

DAT0322 

DAT0322 

DAT0322 

DAT0322 

DAT0322 

DAT0322 

DAT0322 

DAT0322 

DAT0322 

DAT0322 

DAT0322 

DAT0322 

DAT0322 

DAT0322 

DAT0322 

DAT0322 


IravtficEfei 


DAT0322 

DAT0322 

DAT0322 

DAT0322 

DAT0322 

DAT0325 

DAT0325 

DAT0325 

DAT0325 

DAT0325 

DAT0325 

DAT0325 

DAT0325 

DAT0325 

DAT0325 

DAT0325 

DAT0325 

DAT0325 

DAT0325 

DAT0325 

DAT0325 

DAT0325 

DAT0325 


Test  # 

1451 

1452 

1453 

1454 

1455 

1456 

1457 

1458 

1459 

1460 

1461 

1462 

1463 

1464 

1465 

1466 

1467 

1468 

1469 

1470 

1471 

1472 

1473 

1474 

1475 

1476 

1477 

1478 

1479 

1480 

1481 

1482 

1483 

1484 

1485 

1486 

1487 

1488 

1489 

1490 

1491 

1492 

1493 

1494 

1495 

1496 

1497 

1498 

1499 


IKtUll 


K  14 


SubDir 


DAT0325 


DAT0325 


DAT0325 


DAT0325 


DAT0325 


DAT0325 


DAT0325 


DAT0325 


DAT0325 


DAT0325 


DAT0325 


DAT0325 


DAT0325 


DAT0325 


DAT0325 


DAT0325 


DAT0325 


DAT0325 


DAT0325 


DAT0325 


Appendix  K:  Analog  Reliability  Test  Data 

1  Devices  Upset  ~  I  ' 

Total  I  Ave  llDate(199B) 


iESEEniESgg 


DAT0325 


DAT0325 
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DAT0325 


DAT0325 


DAT0325 


DAT0325 


DAT0325 


EHEggai 


Appendix  L:  Analog  Reliability  Test  Data  -  Test  #2  (Test  Period  #3) 


Stored  in: 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


DAT0329 


|ESM 


DAT0329 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


Test# 


1601 


1602 


1603 


1604 


1605 


1606 


1607 


1608 


1609  I 


1610 


1611 


1612 


1613 


1614 


1615 


1616 


1617 


1618 


1619 


1620 


1621 


1622 


1623 


1624 


1625 


1626 


1627 


1628 


1629 


1630 


1631 


1632 


1633 


1634 


1635 


1636 


1637 


1638 


1639 


1640 


1641 


1642 


1643 


1644 


1645 


1646 


1647 


1648 


1649 


1650 


nsrn 


Devices 


Bd  #2 


86  I  94 


94  100 


94  100 


94  100 


94  100 


94  100 


94  100 


93  100 


94  I  98 


93 


93  100 


93  100 


92  100 


93  100 


94  99 


93  100 


93  100 


93  100 


93  100 


94  100 


94  98 


94  100 


93  98 


92  100 


94  100 


93  100 


92  100 


93  99 


93  100 


90  94 


93  100 


94  100 


93  100 


92  100 


95  100 


93  100 


92  100 


94  100 


92  100 


93  100 


93  100 


94  99 


93  100 


100 


100 


100 


94  I  100 


93  100 


97  100 


96  I  100 


III 

an 
an 


Date(1996) 


3  I  28 


193 


193 


192 


193 


193 


193 


193 


193 


193 


194  193 


192 


194 


191 


192 


194 


192 


193 
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194 
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195 
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mm 
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DAT0401 
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DAT0401 
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DAT0401 
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Appendix  L:  Analog  Reliability  Test  Data  -  Test  #2  (Test  Period  #3) 


Devices  Upset 


DAT0401 
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DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0401 


DAT0402 


DAT0402 


DAT0402 


DAT0402 


Test  # 


1651 


1652 


1653 


1654 


1655 


1656 


1657 


1658 


1659 


1660 


1661 


1662 


1663 


1664 


1665 


1666 


1667 


1668 


1669 


1670 


1671 


1672 


1673 


1674 


1675 


1676 


1677 


1678 


1679 


1680 


93 

100 

92 

100 

94 

99 

94 

100 

99 

100 

93 
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98 

99 

94 

100 

92 
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95 

99 

93 
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94 
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93 
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98 
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93 
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93 
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mm 
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IKEI 

100 

93 
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93 
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93 
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97 
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95 
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95 

99 

93 

99 
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94 
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94 

100 

94 
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94 
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94 
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m-nm 
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m 
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94 
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94 
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92 
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94 
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mm 
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93 
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95 
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MMEESM 

mmmm 
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98 
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193 


192 


193 


194 


199 


193 


197 


194 


192 
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194 
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194 
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Appendix  L:  Analog  Reliability  Test  Data  -  Test  #2  (Test  Period  #3) 


Stored  in: 
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DAT0402 


DAT0402 


DAT0402 


DAT0402 


DAT0402 


DAT0402 


DAT0403 


DAT0403 


DAT0403 


DAT0403 


DAT0403 


DAT0403 


DAT0403 


DAT0403 


DAT0403 


DAT0403 


DAT0403 I 


DAT0403 


DAT0403 


DAT0403 


DAT0403 


DAT0403 


DAT0403 


DAT0403 


DAT0403 


DAT0403 


DAT0403 


DAT0403 


DAT0403 


DAT0403 


DAT0404 


DAT0404 


DAT0404 


DAT0404 


DAT0404 


DAT0404 


DAT0404 


DAT0404 


DAT0404 


DAT0404 


Test# 


1701 

1702  ' 

1703  ' 

1704  ' 

1705 

1706 

1707 

1708 
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1713 

1714 

1715 

1716 

1717 

1718 

1719 

1720 
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1726 

1727 


1728 
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Appendix  L:  Analog  Reliability  Test  Data  -  Test  #2  (Test  Period  #3) 
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II 
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II 
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I 
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II 
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II 
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LL 
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93  100 
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96 
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93 
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94  100 
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96 


94 
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195 


193 


192 


196 
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194 
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193 
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195  194 
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on 
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SI 
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Appendix  L:  Analog  Reliability  Test  Data  -  Test  #2  (Test  Period  #3) 


Stored  in: 
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DAT0408 
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Appendix  L:  Analog  Reliability  Test  Data  -  Test  #2  (Test  Period  #3) 


Stored  in: 
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DAT0410 
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1851  94 


1852  95 
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1856  93 


1857  90 
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1860  93 
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1865  96 


1866  95 


1867  94 


1868  96 
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1874  96 


1875  93 


1876  93 


1877  93 


1878  93 


1879  93 


1880  93 


1881  93 


1882  95 


1883  95 


1884  93 


1885  94 


1886  95 


1887  95 


1888  94 


1889  96 
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1891  93 


1892  94 


1893  94 


1894  93 


1895  94 
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1899  94 
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Devices 
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100 


100 
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97 
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99 
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100 
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8 


8 


8 


8 


8 
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8 
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8 
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9 
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Appendix  L:  Analog  Reliability  Test  Data  -  Test  #2  (Test  Period  #3) 


Stored  in:  I 


DAT0410 


DAT0410 


DAT0410 


DAT0410 


DAT0410 


DAT0410 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


DAT0412 


Devices 
—  Bd  #1 1  Bd  #2 1 


1901  97  100 


1902  96  |  100 


1903  95  100 


1904  94  1  00 


1905  94  100 


1906  93  99 


1907  92  97 


1908  95  100 


1909  94  100 


1910  93  100 


1911  93  100 


1912  94  100 


1913  94  100 


1914  95  100 


1915  96  100 


1916  93  100 


1917  95  100 


1918  94  100 


1919  95  100 


1920  94  100 


1921  93  100 


1922  94  100 


1923  99  100 


1924  94  100 


1925  95  100 


1926  93  100 


I  1927  95  1  100 


1928  99  100 


1929  98  100 


I  1930  |  94  |  100 


1933  I  94  I  100 


1934  94  100 


1935  93  100 


1936  94  100 


1937  93  100 


1938  93  100 


1939  95  100 


1940  93  100 


1941  94  100 


1942  94  100 


1943  94  100 


1944  93  100 


1945  95  100 


1946  95  100 


1947  94  100 


1948  93  99 


1949  94  |  100 


1950  |  95  I  100 


File  size  (Mb) 


Total  1  Ave  II  Dated  996)  |[  time 


10 


full  |  ave  I  part  j  Notes 
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Appendix  L:  Analog  Reliability  Test  bata  -  Test  #2  (Test  Period  #3) 
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1953  93 
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1961  93 


1962  94 


1963  94 
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1966  93 


1967  94 


1968  94 


1969  97 


1970  93 


1971  94 


1972  95 


1973  94 


1974  96 


1975  96 


1976  94 


1977  96 


1978  94 


1979  94 


1980  94 


1981  94 


1982  95 


1983  95 


1984  96 


1985  95 


1986  94 


1987  93 


1988  93 


1989  96 


1990  93 


1991  94 


1992  95  I 


1993  93 


1994  93 


1995  |  94 


95 


94 
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1999  |  93 


93 
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193 


194 


194 


197 


193  194 
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12 


12 


12 
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Appendix  L:  Analog  Reliability  Test  bata  -  Test  #2  (Test  Period  #3) 
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Appendix  L:  Analog  Reliability  Test  Data  -  Test  #2  (Test  Period  #3) 
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83  82 

82  75 


\mn 


iKEai 
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Stored  in: 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 
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DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 


DAT0705 
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Appendix  N:  Digital  Reliability  Test  Data  -  Test  #  5 


Stored  in: 


DAT0705 


DAT0705 


DAT0705 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


DAT0708 


■WJIlMHM 


DAT0708 


IEZ3I 


mi 

EZZ1I 


Bd  #1 


82  86 


86  82 


82  82 


61  55 


82 


86  73 


78  |  82 


78 


82  81 


79  74 


80  81 


83  72 


88  74 


78  77 


79  82 


81  68 


74  74 


79  78 


81  80 


85  80 


82  77 


83  73 


83  80 


79 


78 


81  82 


79  77 


83  70 


84 


87  82 


71 


81 


77  |  79 


79 


82  81 


84  75 


82  84 


82  83 


83  74 


83  i  75 


88 


Ave 

III 

Date(96) 

M 

3795  1  82  |  77 


83 


3797  81  85 


IRE3I 

tmn 

IKE3I 

IEE3I 


IKEUI 


IKE3I 

IEE3I 

IKE3I 

IBUI 

IEE3I 

IKEUI 

\mn 


IEE3I 

\mn 

rai 

\mn 

IBUI 

icai 


File  size  (Mb) 


full  ave 


0.60 


0.59 


0.59 


0.61 


0.61 


0.61 


0.61 


0.60 


0.60 


0.60 


0.60 


0.60 


0.59  0.6 


0.61 


0.61 


0.61 


0.61 


0.61  0.6 


0.61 


0.61 


0.61 


.61 
.62 
.62 
.62 
.61 
.61 
.61 
.60 
.60 
.60 
.61 
.61 
.62 
.62 
0.62  I  0.61 


Appendix  P:  Digital  Reliability  Test  Data  -  Test  #  7  (Test  Period  #  6) 


Stored  in: 


DAT0710 


DAT0710 


DAT0710 


DAT0710 


DAT0710 


DAT0710 


DAT0710 


DAT0710 


DAT0710 


DAT0710 


DAT0710 


DAT0710 


DAT0710 


DAT0710 


DAT0710 


DAT0710 


DAT0710 


DAT0710 


DAT0710 


DAW  10 


DAT0710 


DAT0710 


DAW  10 


DAT0710 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


3851 


3852 


3853 


3854 


3855 


3856 


3857 


3858 


3859 


3860 


3861 


3862 


3863 


3864 


3865 


3866 


3867 


3868 


3869 


3870 


3871 


3872 


3873 


3874 


3875 


3876 


3877 


3878 


3879 


i  Devices 


56  |  18 


Appendix  P:  Digital  Reliability  Test  Data  -  Te&J  #  7  (Test  Period  #  6) 


Stored  in: 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0712 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


Test  # 


3901  I  91 


3902  94 


3903  88 


3904  91 


3905  94 


3906  89 


3907  95 


3908  91 


3909  95 


3910  97 


3911  94 


3912  96 


3913  91 


3914  92 


3915  98 


3916  95 


3917  93 


3918  91 


3919  92 


3920  93 


3921  91 


3922  92 


3923  95 


3924  96 


3925  93 


3926  87 


3927  85 


3928  54 


3929  90 


3930  93 


3931  92 


3932  94 


3933  94 


3934  95 


3935  94 


3936  90 


3937  95 


3938  93 


3939  90 


3940  91 


3941  93 


3942  93 


3943  90 


3944  90 


3945  95 


3946  86  I 


3947  98 


3948  88 


3949  90 


3950  |  93 


ESmESESl 


Devices  Upset 


Total 


75  166 


81  175 


87  175 


77  168 


88  182 


89  178 


80  175 


88  179 


82  177 


I  79  176 


86  180 


89  185 


92  183 


86  178 


76  174 


76  171 


82  175 


68  159 


84  176 


88  181 


81  172 


73  165 


77  172 


90  186 


85  178 


90 


60 


35  |  89 


84  174 


81  174 


79  171 


85  179 


82  176 


92  187 


90  184 


78  168 


97  192 


80  173 

82  172 


86  177 


77  170 


85  178 


74  164 


73  163 


66  161 


81  167 


75  173 


78  166 


74  164 


74  I  167 


File  size  (Mb) 


full  ave 


0.16 


0.16 


0.16 


0.17 


0.17 


0.17 


0.17 


0.17 


0.17 


0.17  I  0.17 


IQIKQDI 

IKHIEOl 

iisimoi 

ID 

IKBIKSDI 

IKE 

£ 

311 

lESI^DI 

iiHiEini 

lEESIOfll 

lEEHnni 

IKSIBDI 

IKSIBDI 

IKSIBDI 

IKSIBDI 


Dijjrninnn  hi  mb 

■  iiriH ■■  in  in  n— iii 

■  BBQDIOSMB 
DimSIBDIEIElDiM 
■IBKEIlKQDIEiaDD 
■DKE1IKDDIDBD 


Appendix  P:  Digital  Reliability  Test  Data  -  Test  #  7  (Test  Period  #  6) 


Stored  in: 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 


DAT0715 

DAT0715 

DAT0715 


DAT0719 


DAT0719 


DAT0719 


Test# 


3951  94 


3952  92 


3953  92 


3954  97 


3955  88 


3956  92 


3957  91 


3958  96 


3959  97 


3960  94 


3961  90 


3962  96 


3963  93 


3964  90 


3965  96 


3966  97 


3967  85 


3968  95 


3969  92 


3970  93 


3971  92 


3972  93 


3973  93 


3974  93 


3975  93 


3976  92 


3977  90 


3978  99 


3979  97 


3980  92 


3981  95 


95 


91 


92 


3985  I  98 


3986  97 


92 


92 


56 


49 


3999  93 


4000  95  I  74  I  169 


85  177 


78  168 


87  186 


85  182 


88  180 


88  183 


94  189 


89  180 


86  178 


77  175 


84  181 


85  177 


72  167 


82  177 


86  179 


91  180 


76  171 


79  173 


87  182 


73  163 


76  168 


41  97 


20  69 


79  I  172 


95 


3989  95 


3990  93 


3991  89 


3992  95 


3993  |  94 


P  3 


Appendix  P:  Digital  Reliability  Test  Data  -  Test  #  7  (Test  Period  #  6) 


Stored  in: 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


DAT0719 


Test# 


4001  94 


4002  89 


4003  95 


4004  91 


4005  89 


4006  88 


4007  93 


4008  91 


4009  91 


1010  92 

1011  95 

1012  91 

1013  91 

1014  96 

1015  94 

1016  94 

1017  91 

1018  91 

1019  94 

1020  93 

1021  96 

1022  91 

1023  93 

1024  92 

1025  90 

1026  95 

027  91 

028  89 

029  95 

030  94 

031  97 

032  97 

033  92 

034  92 

035  95 

036  94 

037  96 

038  93 

039  89 


EI2112EI 


Date(96)  Time  I  I  full  I  ave 


lEnai 


uHiuya 


4040 

87 

4041 

86 

4042 

94 

4043 

88 

4044 

94 

4045 

92 

4046 

94 

4047 

95 

4048 

91 

HBKHEHl 

mmi 


imirntm 


0.17 


0.17 


0.17 


0.17 


0.17 


0.17 


0.17 


0.17 


0.17  0.17 


0.17 


0.17 


0.16 


0.16 


0.16 


0.16 


0.16 


0.16 


0.17 


0.16 


0.17 


0.16 


0.16 


0.17 


0.17 


0.17 


0.17 


0.17 


0.17 


0.17  0.17 


0.17 


0.18 


0.17 


0.17 


0.17 


0.17 


0.17 


0.16 


0.16 


0.17  I  0.17 


4050  I  94 


Appendix  P:  Digital  Reliability  Test  Data  -  Tek  #  7  (Test  Period  #  6) 


Stored  in: 


DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0719 

DAT0722 

DAT0722 

DAT0722 

DAT0722 

DAT0722 

DAT0722 

DAT0722 


Esmi 

E31I 

EBSMl 

csai 


emm\ 

Esmi 

EEll 

emu 

E21I 

emm\ 


ikeeii 


Total 


84  I  178 


77  170 


77  170 


83  177 


83  176 


75  170 


175 


86  I  181 


79  176 


170 


79  |  170 


73  167 


76  170 


175 


85  |  176 


176 


74  I  171 


77  170 


74  164 


91  181 


83  178 


177 


85  182 


79  172 


85  171 


81  176 


83  177 


67  162 


87  177 


77  170 


81  174 


82  177 


74 


172 


89  I  181 


86  181 


89  184 


175 


79  |  173 


75  I  166 


77 


33 


82  173 


81  175 


84  |  176 


ran 


Date(96)|  I  Time 


IEB3II 


IDEM 


rail 


ran 


File  size  (Mb) 


full 


mi 


0.17 


0.17 


0.17 


0.17 


0.17 


0.17  I  0.17 
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Appendix  P:  Digital  Reliability  Test  Data  -  Test  #  7  (Test  Period  #  6) 


Appendix  P:  Digital  Reliability  Test  Data  -  Te&t  #  7  (Test  Period  #  6) 


Stored  in: 

Total 

full 

DAT0722 

88 

77 

165 

tfliutiiiiuini 

0.15 

90 

70 

160 

■IDBlIilDI 

0.15 

DAT0722 

81 

69 

150 

■IDEIdl 

0.14 

DAT0722 

94 

68 

162 

wiBBuami 

0.15 

DAT0722 

EE£fl 

92 

60 

152 

■IHB1IBB1 

0.15 

DAT0722 

93 

76 

169 

■IDEllilDI 

0.15 

DAT0722 

88 

71 

159 

■IHBIHKl 

0.15 

DAT0722 

77 

72 

149 

■IBQIDDI 

0.14 

DAT0722 

90 

60 

150 

MSBdIBKEII 

SlBEIIQDI 

0.14 

DAT0722 

83 

58 

141 

0.14 

DAT0722 

86 

81 

167 

Hd^IDKEII 

0.14 

DAT0722 

91 

75 

166 

■IBBQDI 

0.14 

DAT0722 

89 

63 

152 

■ID^IBKQI 

0.15 

DAT0722 

89 

68 

157 

■IdlDDI 

0.15 

DAT0722 

90 

69 

159 

■IBBIHBII 

0.14 

DAT0722 

90 

57 

147 

SHDQIDKQI 

0.15 

DAT0722 

83 

70 

153 

DAT0726 

34 

25 

59 

DAT0726 

86 

70 

156 

HBBIKQBI 

0.14 

DAT0726 

93 

74 

167 

KHin^IKDDI 

0.15 

DAT0726 

92 

84 

176 

■IHildl 

0.15 

DAT0726 

90 

75 

165 

■IB^IKEIDI 

0.15 

93 

78 

171 

■IBBIEQDI 

0.15 

DAT0726 

Z  1 

87 

75 

162 

■IB^IEBDI 

0.15 

DAT0726 

lomi 

90 

65 

155 

BDIBBKHDII 

0.15 

DAT0726 

IKflSlI 

88 

71 

159 

■IBBKQDH 

0.15 

DAT0726 

IDEBI 

87 

79 

166 

■meragi 

0.15 

DAT0726 

IIDE1I 

92 

67 

159 

0.15 

93 

77 

170 

WIBBIBIEjl 

0.16 

DAT0726 

iBna 

91 

73 

164 

mBBIElDI 

0.16 

DAT0726 

■Kim 

96 

d 

167 

DAT0726 

um 

88 

mm 

169 

K&Ef 

DAT0726 

■Em 

86 

mm 

157 

9IBEIIDDI 

0.14 

DAT0726 

sum 

89 

69 

158 

»IBilDDI 

0.14 

DAT0726 

iDm 

82 

52 

134 

■IBE1IBDI 

liltl 

DAT0726 

■Dm 

85 

73 

158 

HIB^IBEll 

DAT0726 

■cm 

86 

56 

142 

DIBE1IDDI 

exq 

DAT0726 

■cm 

77 

57 

134 

MIBBIIBDI 

EXEI 

DAT0726 

■Em 

84 

69 

153 

■IBE1IBDI 

0.14 

DAT0726 

B 

86 

66 

152 

KHBBBDI 

0.14 

DAT0726 

mm 

86 

62 

148 

■IHE1IHBI 

0.14 

DAT0726 

id m 

79 

63 

142 

■IHEHPE1I 

0.14 

DAT0726 

IETTEI 

81 

id 

156 

■IDUIKQB 

0.14 

DAT0726 

■Dm 

86 

155 

■IBE1IKDDI 

K*UI 

DAT0726 

ram 

89 

IBScl 

152 

■IPEHEEil 

ESQ 

DAT0726 

iDm 

84 

IWEMMEM 

■IBBIBDI 

0.14 

DAT0726 

■Dm 

85 

IBSMEa 

■IBillKQDI 

0.14 

DAT0726 

iDm 

92 

66 

158 

■IBBIBDI 

0.14 

DAT0726 

■Dm 

83 

IE9 

147 

■IBE1IBDI 

ItlEl 

DAT0726 

I  |  4200  | 

89 

Id 

168 

lilIBBlIKQDI 

BB 

IEEDI 

llitiifl 


Appendix  P:  Digital  Reliability  Test  Data  -  Test  #  7  (Test  Period  #  6) 


Stored  in: 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


Appendix  P:  Digital  Reliability  Test  Data  -  Test  #  7  (Test  Period  #  6) 


Stored  in: 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0726 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


DAT0729 


Test# 


4251 

4252 

4253 

4254 

4255 

4256 

4257 

4258 

4259 

4260 

4261 

4262 

4263 

4264 

4265 

4266 

4267 

4268 

4269 

4270 

4271 

4272 

4273 

4274 

4275 

4276 

4277 

4278 

4279 

4280 

4281 

4282 

4283 

4284 

4285 

4286 

4287 

4288 

4289 

4290 

4291 

4292 

4293 

4294 

4295 

4296 

4297 


Devices  I 


Bd  #1 


90  67 


85  63 


82  57 


82  56 


85  63 


90  64 


91  52 


87  53 


81  52 


85  50 


86  58 


85  63 


86  59 


79  67 


60  29 


37  23 


86  67 


82  64 


79  61 


84  48 


77  59 


79  47 


81  56 


76  60 


87  64 


86  55 


81  64 


87  60 


84  68 


84  66 


68  61 


84  56 


88  54 


91  62 


89  52 


90  52 


83  53 


81  59 


79  55 


83  62 


85  55 


84  56 


83  64 


87  45 


81  58 


87  61 


79  57 


84  61 

80  71 


90 


Date(96) 


I^IEUEill 


IE3IE3izlll 


File  size  (Mb) 


full  ave 


0.14 


0.14 


0.14 


0.14 


0.14 


0.14 


0.14 


0.13 


0.13 


0.13  |  0.14 


IEHEHE3I 


E3IEDE1! 


i^ehi 

lEllOEiaiEniEiEII 


0.13 


0.14 


0.14 


0.14 


0.13 


0.13 


0.14 


0.13 


0.13 


0.13  |  0.13 


0.13 


0.13 


0.13 


0.14 


0.14 


IpijnaCjiiEiEi 
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Appendix  P:  Digital  Reliability  Test  Data  -  Test  #  7  (Test  Period  #  6) 


Stored  in: 


DAT0729 

DAT0729 

DAT0729 

DAT0729 

DAT0729 

DAT0729 

DAT0729 

DAT0729 

DAT0729 

DAT0729 

DAT0729 

DAT0729 

DAT0729 

DAT0729 

DAT0729 

DAT0729 

DAT0729  ' 

DAT0729  ' 

DAT0729 

DAT0729  ' 

DAT0729  ' 

DAT0729  ' 

DAT0729  ~ 

DAT0729  ' 

DAT0729  ~ 

DAT0729  ' 

DAT0729  " 

DAT0729  ~ 

DAT0729  " 

DAT0729  " 

DAT0729  ~ 

DAT0729  ~ 

DAT0729  ' 

DAT0729  ~ 

DAT0729  ~ 

DAT0729  ~ 

DAT0729  ~ 

DAT0729 

DAT0802 

DAT0802 

DAT0802 

DAT0802 

DAT0802 


DAT0802 


DAT0802 


DAT0802 


DAT0802 


DAT0802 


DAT0802 


DAT0802 


Test  # 


4301  84 

4302  95 

4303  78 

4304  89 

4305  83 

4306  80 

4307  81 

4308  91 

4309  72 

4310  87 

431 1  77 

4312  87 

4313  82 

4314  87 

4315  88 

4316  75 

4317  91 
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DAT 1 202 


DAT  1 202 


6351 


6352  77 


6353  79 


6354  77 


6355  76 


6356  76 


6357  76 


6358  75 


6359  78 


6360  77 


6361  76 


6362  76 


6363  77 


6364  75 


6365  78 


6366  77 


6367  78 


6368  75 


6369  76 


6370  76 


6371  75 


77 


DAT  1 202 


DAT 1 202 


DAT 1 202 
DAT  1 202 
DAT  1 202 
DAT 1 202 
DAT 1 202 
DAT 1 202 
DAT  1 202 


EHESI 

msm 

MAam 


DAT 1 206 


DAT  1 206 


DAT  1 206 


DAT 1 206 
DAT  1 206 


6373  I  76 


6374  76 


6375  75 


6376  78 


6377  75 


6378  76 


6379  77 


6380  |  79 


6381 

6382 

6383 

6384 

6385 

"6386]  74 

6387  75 

6388  75 

6389 

6390 

6391 

6392 

6393 

6394 

6395 

6396  0 

6397  0 

6398  0 

6399  0 

6400  0 


0.85 

-- 

0.85 

0.86 

0.86 

0.87 

0.87 

OH 


1 

0.86 

1 

0.86 

1 

0.84 

1 

0.86 

0.86 

0.86 

0.87 

1  0.87 

0.87 

0.86 

II 

0.88 

II 

0.88 

II 

0.88 

0.85 

Em! 


IEE3I 

IEB3I 


i§m§ 


PwrAmp  Off 


PwrAmp  Off 


PwrAmp  Off 


PwrAmp  Off 


PwrAmp  Off 
PwrAmp  Off 
PwrAmp  Off 
PwrAmp  Off 
PwrAmp  Off 


S 


Appendix  S:Thermal  and  Life  Test  #tO  (Test  Period  #  9) 


_ Devices  Upset 

Stored  in:  1 1  Test  #  Bd  #1 1  Bd  #2  I  Total  I  Ave 


DAT 1 206 1  1  6401  0  1  0  0  _ 

6402  0  0  0  _ 

DAT1206I  1  6403  0  0  0  _ 

DAT1206|  1  6404  0  0  I  0  _ 

6405  0  0  0  _ 

6406  0  0  0  _ 

6407  0  0  0  _ 

6408  000 

DAT 1 206 1  |  6409  0  0  0  _ 

6410  0  0  0  0 

6411  0  0  0  _ 

6412  0  0  0  _ 

6413  0  0  0  _ 

6414  000 


DAT 1 206 


DAT  1 206 


DAT 1 206 


DAT 1 206 


DAT 1 206 


DAT 1 206 


DAT  1 206 


DAT 1 206 


DAT  1 206 


DAT 1 206 
DAT  1 206 
DAT 1 206 


DAT 1 206 


DAT  1 206 


DAT  1 206 


DAT  1 206 


DAT 1 206 


■3IEE1 


DAT 1 206  6428 


4 
4~ 
12  T  4 
12  4 

12  _4_ 
12  [  4 
4 

Y\  4 

2  4 

2  4 


2  5 
12  5 
12  5 
12  5 


. 

0.1 

PwrAmp  Oft 

0.1 

PwrAmp  Off 

0.1 

PwrAmp  Off 

0.91 

0.90 

0.89 

0.89 

0.90 

0.91 

0.92 

0.92 

0.91 

0.91 

0.91 

— 

0.92 

- 

0.90 

0.91 

— 

- 

0.91 

0.90 

0.89 

0.89 

0.90 

0.9 

S  8 


Appendix  S:Thermal  and  Life  Test  #tO  (Test  Period  #  9) 


Stored  in: 


DAT 1 209 


DAT  1 209 


DAT  1 209 


DAT 1 209 


DAT1209 


DAT  1 209 


DAT  1 209 


DAT  1 209 


DAT  1 209 


DAT 1 209 


DAT  1 209 


DAT  1 209 


DAT  1 209 


DAT 1 209 


DAT  1 209 


DAT  1 209 


DAT  1 209 


DAT  1 209 


DAT  1 209 


DAT 1 209 


DAT 1 209 


DAT 1 209 


DAT 1 209 


DAT 1 209 


DAT 1 209 


DAT  1 209 


DAT  1 209 


DAT 1 209 


■  iEsa 

lESBESaiESSI 


DAT  1 209 


DAT  1 209 


DAT 1 209 
DAT  1 209 
DAT  1 209 
DAT 1 209 
DAT 1 209 
DAT 1 209 
DAT  1 209 
DAT  1 209 
DAT  1 209 
DAT  1 209 
DAT  1 209 
DAT  1 209 
DAT  1 209 
DAT 1 209 
DAT 1 209 
DAT 1 209 


JE2331I 

48 

iiggEa 

46 

6535  77 

48 

6536  78 

49 

6537  76 

49 

6538  79 

48 

6539  78 

45 

6540  77 

49 

6541  78 

47 

6542  77 

“  49 

6543  76 

44 

6544  79 

47’ 

6545  78 

45 

6546  76 

46 

6547  77 

”48 

6548  76 

48 

6549  77 

44 

6550  76 

”  48 

Appendix  S:Thermal  and  Life  Test  #10  (Test  Period  #  9) 


Stored  in: 


DAT  1 209 


DAT 1 209 


DAT1213 


DAT1213 


DAT1213 


DAT1213 


DAT1213 


DAT1213 


DAT1213 


DAT1213 


DAT1213 


DAT1213 


DAT1213 


DAT 1213 


DAT1213 


DAT1213 


DAT1213 


DAT1213 


DAT1213 


DAT1213 


DAT1213 


DAT1213 


DAT1213 


DAT1213 


DAT1213 


DAT1213 


DAT1213 


DAT1213 


DAT1213 


DAT1213 


DAT1213 


DAT1213 


IE2IHE 


ii57gfsgii5ggsiis!ng^Bgngqg3^iTigrarESii^Miii!sMii 


Devices  Upset 


DAT1213 

DAT1213 

DAT1213 

DAT  1 21 3 

DAT1213 

DAT1213 

IllHtHK 


DAT1213 

DAT1213 

DAT1213 

DAT1213 

DAT1213 

DAT1213 

DAT1213 


Appendix  S:Thermal  and  Life  Test  #10  (Test  Period  #  9) 


4. 

Appendix  T:  “Life"  Reliability  Test  Data,  Test  #1 1  (Test  Period  #10) 


Stored  in: 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


ILLUMO 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 

DAT1216 


I 

EH 

worn 

hqI 


Test# 


6701 


6702  97 


6703  97 


6704  97 


6705  97 


6706  94 


6707  94 


6708  95 


6709  96 


6710  96 


6711  98 


6712  96 


6713  95 


6714  95 


6715  96 


6716  96 


6717  97 


6718  95 


6719  97 


6720  97 


6721  95 


6722  97 


6723  95 


6724  96 


6725  95 


6726  96 


6727  97 


6728  95 


6729  96 


6730  |  94 


tiiiillniimll 


III 


File  size  (Mb) 


Total  Ave 


95 


6735  |  96 


6736  I  95 


6737 


6738 


6739  94 

6740  95 
96 
95 

6743  97 

6744  96 

"  6745  95 

6746  95 

6747  96 

6748  94 

6749  95 

6750  95 


89 


93  190 


94  191 


96  193 


95  192 


94  188 


95  189 


95  190 


94  190 


95  191 


97  195 


96  192 


95  190 


95  190 


95  191 


97  193 


95  192 


94  189 


95  192 


96  193  I  192 


96  191 


94  191 


95 


96 


96  191 


96  192 


96  193 


94  189 


96  192 


94 


97  192 

95  189 


95  192 


95 

95 


95  189 

95  190 

96  192 

94  189 

96  193 

96  192 

97  192 

95  190 

96  192 

94  ’  188^ 
96  1 91 

96  [191 


Date{96) 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 

12 

12 


12 


12 


12 


lElUMEHElll 

KEIlIElffEliEElIMM 
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Appendix  T:  “Life"  Reliability  Test  Data,  Tes^  #1 1  (Test  Period  #10) 


Stored  in: 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT  1 21 6 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1216 


DAT1218 


DAT1218 


DAT1218 


DAT1218 


DAT1218 


DAT1218 


DAT1218 


DAT1218 


DAT1218 


DAT1218 

J 
J 

DAT1218 
DAT1218 
DAT1218 
DAT1218 
DAT1218 
DAT1218 
DAT1218 
DAT1218 
DAT1218 
DAT1218 
DAT1218 
DAT1218 
DAT1 218 
DAT1218 
DAT1218 
DAT 1218 


Test  # 


6751  95 


6752  97 


6753  94 


6754  94 


6755  94 


6756  96 


6757  95 


6758  93 


6759  94 


6760  94 


6761  94 


6762  96 


6763  96 


6764  94 


6765  94 


6766  95 


6767  94 


6768  95 


6769  94 


6770  93 


6771  92 


6772  89 


6773  93 


6774  95 


6775  93 


6776  93 


6777  93 


6778  93 


6779  94 


6780  93 


6781  94 


liKHIhSI'H 


WL 

82 

m 

83 

6784 

94 


92 


6790  94 

6791  94 

6792  93 
94 
94 
93 

6796  |  92 

93 

94 
92 

6800  I  92 


Total  Ave 


97 


96  I  193 


96  190 


96  190 


97  191 


96  192 


96  191 


97  190 


96  190 


95  189  I  191 


96  190 


96  192 


95  191 


96  190 


95  189 


95  190 


95  189 


96  191 


95  189 


96  189 


94  186 


92  181 


96  189 


95  190 


95 


96 


96  I  189 


95  188 


95  189 


95 


95  I  189 


■M 

E 

a 

E 

m 

e mm 

m 

95 

189 

96 

188 

96 

E 

a 

96 

E 

a 

95 

E 

a 

95 

E 

a 

95 

E 

a 

95 

E 

a 

96 

E 

a 

95 

E 

a 

96 

u 

10 

96 

it 

58 

95 

IE 

17 

Date(96) 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 

12 


rnmmu 


HaiBHEHEBI 
U3PS  3IE3I 
liElEEllEia 

aiEHEiiEai 


09 


12 

J2 _ |J7 

J2 _ 17 

12 _  17 

12  117 
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Appendix  T:  “Life"  Reliability  Test  Data,  Test  #1 1  (Test  Period  #10) 


Stored  in: 


DAT1218 


DAT1218 


DAT1218 


DAT1218 


DAT1218 


DAT1218 


DAT1218 


DAT1218 


DAT1218 


DAT1218 


DAT1218 


DAT1218 


DAT1218 


DAT1218 


DAT 1 220 


DAT 1 220 


DAT 1 220 


DAT 1 220 


DAT 1 220 


DAT 1 220 


DAT 1 220 


DAT 1 220 


DAT 1 220 


DAT 1 220 


DAT 1 220 


DAT 1 220 


DAT 1 220 


DAT 1 220 


DAT 1 220 


DAT 1 220 


DAT 1 220 


DAT 1 220 


DAT 1 220 


DAT 1 220 


DAT 1 220 


DAT 1 220 


DAT 1 220 


DAT 1 220 


DAT 1 220 
DAT 1 220 


DAT 1 220 


DAT 1 220 
DAT 1 220 
DAT 1 220 
DAT1220 
DAT 1 220 
DAT 1 220 
DAT 1 220 
DAT 1 220 


Test# 


6801 


6802 


6803 


6804 


6805 


6806 


6807 


6808 


6809 


6810 


6811 


^■■11 


96  I  188 


95  187 


187 


188 


94  I  186 


94  185 


94  187 


97  189 


96  I  188 


95 


97  190 


95  188 


95  188 


95  190 


89  176 


94  189 


95  189 


96  190 


95  I  186 


95  I  188 


188 


96  I  189 


95  I  187 


95 

186 

94 

185 

Date(96) 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


95 

95  188 _ 

95  188  187 

96  189 

96  190  _ _ 

95  188  _ _ 

94  187  _ _ 

94  185 _ 

95  186  _ 

"95  188_ _ _ 

95  187 

I  95  "190  _ 

95  1871188 


File  size  (Mb) 


full 


KBIEOEElIBni 

taiodiEi— 

sdikisoiehm 

KEUHBMiaMB 

iiillKliiJIEfidlBW 

SOIDKDIOH 

EOlBEEIlBlSi 

IKQIBKEll^S 

IKE3IDKOIBl|S 

IKQIEQEaij 


KQIEQBliBH 

EEIlLLJluJlEa** 

SDIEOIHIEIjlBg! 

HEHE3BMBB 

saiEiEHEijg! 

SOI  - 

II  sa 

ID  ^  S 


lEOIBBf 
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I 

HE! 


zai 


m\ 


'3 


Appendix  T:  "Life"  Reliability  Test  Data,  Test  #1 1  (Test  Period  #10) 


DAT  1 224 


DAT  1 224 


DAT  1 224 


DAT 1 224 


DAT 1 224 


DAT  1 224 


DAT1224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 
DAT  1 224 
DAT  1 224 


DAT  1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 
DAT 1 224 


UKj 

UZibugg 


DAT  1 224 
DAT 1 224 


I 

Test  #  | 

IIEMII 

mwsmi 

6853 

6854 

6855 

6856 

6857 

6858 

6859 

6860 

6861 

6862 

6863 

6864 

6865 

6866 

6867 

6868 

6869 

Devices 


93  I  96 


92  95 


92  95 


93  95 


94  95 


92  94 


93  95 


96  95 


Upset 


Total  Ave 


189 


Appendix  T:  "Life-  Reliability  Test  Data,  Test  #1 1  (Test  Period  #10) 


Stored  in: 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT  1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


IQS1E23II 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT1224 
DAT 1 224 
DAT 1224 
DAT1224 
DAT 1224 
DAT 1224 
DAT 1 224 
DAT 1 224 
DAT 1 224 
DAT 1224 
J3  ATI  224 
DAT 1224 
DAT 1 224 
DAT 1 224 
DAT 1 224 
DAT 1224 
DAT 1 224 
DAT 1224 
DAT 1224 
DAT 1224 


Test# 


6901 


6902  94 


6903  92 


6904  93 


6905  91 


6906  94 


6907  92 


6908  94 


6909  92 


6910  93 


6911  92 


6912  92 


6913  93 


6914  92 


6915  93 


6916  93 


6917  91 


6918  93 


93 


93 


6921  92 


6922  93 


6923  92 


6924  93 


6925  94 


6926 


6927 


6928  92 


6929  95 


6930  93 


6931  92 

6932  93 

6933  93 

6934  94 

6935  93 

6936  93 

6937  92 

6938 


QJG1EIE3I 


95 


95  189 


95  187 


95  188 


95  186 


94  188 


95  187 


96  190 


96  188 


94  187 


95  187 


94  186 


94  187 


95  187 


96  189 


95  188 


95  186 


95  188 


94  187 


94  187 


95  187 


94  187 


94  186 


95  188 


94  188 


95  186 


95  187 


95  187 


95  190 


95  188 


95  187 


94  187 


94  187 

95  189 


95  188 


95  I  188 


95 

95 

96 
95 

94 

95  I  189 

96 
95 

94  188 

95  187 

95  187 


EE I 
E3 
E3 
E3 
El 
ESI 
ESI 


Date(96) 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 


12 

12 


12 


J2 _ 

12 


12 
12 
12  I  24 


ESI 

EES 

ESI 

ESI 

1^8 

ESI 

ESI 

ESI 

ii3a 

ESI 

I  ESI 

u 

ESI 

ESI 
ESI 
ESI 
IES1 
I  ESI 
ESI 
IESI 
ESI 
IESI 
IESI 
IESI 

IE 

IESI 

El 

R| 


File  size  (Mb) 


Appendix  T:  "Life"  Reliability  Test  Data,  Test  #1 1  (Test  Period  #10) 


Stored  in: 


DAT  1 224 


DAT  1 224 


DAT  1 224 


DAT1224 


DAT 1 224 


DAT 1 224 


DAT 1 224 


DAT1227 


DAT  1 227 


DAT1227 


DAT 1 227 


DAT 1 227 


DAT  1 227 


DAT 1 227 


DAT 1 227 


DAT 1 227 


DAT 1 227 


DAT  1 227 


DAT 1 227 


DAT1227 


DAT  1 227 


DAT  1 227 


DAT1227 


DAT  1 227 


DAT  1 227 


DAT  1 227 


DAT1227 


DAT 1 227 


DAT  1 227 


DAT  1 227 


DAT1227 


DAT  1 227 


DAT  1 227 


DAT  1 227 


DAT  1 227 


DAT  1 227 


DAT  1 227 


DAT1227 


DAT  1 227 


DAT  1 227 


DAT  1 227 


DAT 1 227 


DAT  1 227 


DAT 1 227 


DAT  1 227 


DAT  1 227 


DAT  1 227 
DAT  1 227 
DAT 1 227 
DAT  1 227 
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Appendix  T:  "Life"  Reliability  Test  Data,  Test  #1 1  (Test  Period  #10) 


Stored  in:  Test  # 


DAT 1 227 


DAT 1 227 


DAT 1 227 


DAT 1 227 


DAT 1 227 


DAT 1 227 


DAT 1 227 


DAT 1 227 


DAT 1 227 


DAT 1 227 


DAT 1 227 


DAT 1 227 


DAT 1 227 


DAT 1 227 


DAT 1 227 


DAT 1 227 


DAT 1 227 


DAT 1 230 


DAT 1 230 


DAT 1 230 


DAT 1 230 


DAT 1 230 


DAT 1 230 


DAT 1 230 


DAT 1 230 


DAT 1 230 


laggai  eh 


DAT 1 230 


DAT 1 230 
DAT 1 230 
DAT 1 230 
DAT 1 230 
DAT 1 230 
DAT1230 
D ATI 230 
DAT 1 230 
DAT 1 230 
DAT1230 
DAT1230 
DAT 1 230 
DAT 1 230 
DAT 1 230 
DAT1 230 
DAT 1230 
DAT 1 230 
DAT 1 230 
DAT 1 230 
DAT 1 230 


Appendix  T:  "Life"  Reliability  Test  Data,  Test  #1 1  (Test  Period  #10) 


Stored  in: 


DAT1230 


DAT 1 230 


DAT 1 230 


DAT  1 230 


DAT  1 230 


DAT1230 


DAT  1 230 


DAT  1 230 


DAT1230 


DAT1230 


DAT1230 


DAT1230 


DAT1230 


DAT  1 230 


DAT  1 230 


DAT1230 


DAT0101 


DAT0101 


DAT0101 


DAT0101 


DAT0101 


DAT0101 


DAT0101 


DAT0101 


DAT0101 


DAT0101 


DAT0101 


DAT0101 


DAT0101 


DAT0101 


DAT0101 
DAT0101 
DAT0101 
DAT0101 
DAT0101 
DAT0101 
DAT0101 
DAT0101 
DAT0101 
DAT0101 
D, 

Dj 


Test  # 


7051 


7052 


7053 


7054 


7055 


7056 


7057 


7058 


7059 


7060 


7061 


7062 


7063 


7064 


7065 


7066 


7067 


DAT0101 

7093 

DAT0101 

DAT0101 

Kgpgiil 

DAT0101 

DAT0101 

DAT0101 

|  7098 

DAT0101 

n 

DAT0101 

I  7100 

Devices 


99  96 


99  97 


99  97 


98  96 


98  96 


99  96 


97  98 


99  96 


99  97 


98  95 


99  98 


99  97 


99  97 


99  98 


100  97 


98  97 


99  96 


99  98 


98  97 


97  95 


99  95 


96  96 


98  96 


98  97 


99  97 


96 


98 


99  96 


99  96 


Upset 


Total  Ave 


195 


196 


196 


194 


194 


195 


195 


195 


196 


Date(96) 


12 


||Hg|E[EE2I3BI 

uebuedbr 


III 

12 

III 

12 

IE3IK3E3IE231H 

IES1I1P1KHKEM 

IEEHKQEIIB1H1 

lEEHEBEllBlHl 

HcSiiKEUgiirec™ 

IE3IEQE3IE31H 

IKillKMreiBgggga 

lEHHKHEHIEIlH 

IBililBBIIEd— 

lEaiKniBiiom 
IE3IE1  Elina  Ml 
lEillfeiiHiBKEf 

imimmmmwm 

IKaiEjEMKEll 

mmzuznwxmmm 


96 

1 

97 

J 

196 


195 


196 


195  |  195 


94  _ 

_96 _ 

194  _ 

196 

95  _ J 

196 

195 

95  __ 

96  195 


liaiKEie]  m 


mm 


IEEII 


2.4 

2.5  _ 

2.5  _ 

2.5 _ 

2.5  2.49 


Appendix  T:  "Life"  Reliability  Test  Data,  Test  #1 1  (Test  Period  #10) 


Stored  in: 
DAT0101 
DAT0101 
DAT0101 
DAT0101 
DAT0101 
01 
DAT0101 
DAT0101 
DAT0101 
DAT0101 
DAT0101 
DAT0101 
DAT0101 
DAT0101 
DAT0103 
DAT0103 
DAT0103 
DAT0103 
DAT0103 
DAT0103 
DAT0103 
DAT0103 
DAT0103 
03j 

03- 

DAT0101 
03 
DAT0103 
DAT0103 | 
DAT0103 
DAT0103 
DAT0103 
DAT0103 
DAT0103 
DAT0103 
DAT0103 
03 
03 
03 
DAT0103 
DAT0103 
DAT0103 
DAT0103 
DAT0103 
DAT0103 
DAT0103 
DAT0103 
DAT0103 
DAT0103 
DAT0103 


Test  # 

Bd  #1 

7101 

98 

7103  I  98 


7104  99 


7105  98 


7106  98 


7107  99 


7108 


7109 


7110  98 


7111  99 


7112  97 


7113  99 


7114  99 


7115  89 


7116  99 


7117  98 


7118  99 


7119  99 


7120  95 


7121  I  99 


7122 


7123 


7124  98 


Total 

Ave 

196 

194 

195 

195 

194 

195 

194 

196 

195 

194 

195 

196 

194 

197 

196 

181 

195 

195 

196 

195 

■Ml 

194 

Mill 

195 

■Ml 

195 

195 

193 

194 

195 

195 

197 

195 

195 

195 
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Appendix  T:  “Life"  Reliability  Test  Data,  Test  #1 1  (Test  Period  #10) 


Stored  in: 


DAT0103 


DAT0103 


DAT0103 


DAT0103 


DAT0103 


DAT0103 


DAT0103 


DAT0103 


DAT0103 


DAT0103 


DAT0103 


DAT0103 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 

DAT0106 


DAT0106 


I  ESSE! 

liBimmia 


DAT0106 

DAT0106 


DAT0106 


DAT0106 

DAT0106 

DAT0106 

DAT0106 

DAT0106 

DAT0106 

DAT0106 

DAT0106 

DAT0106 

DAT0106 

DAT0106 


Test  # 


7151  98 


7152  97 


7153  99 


7154  99 


7155  99 


7156  99 


7157  98 


7158  99 


7159  99 


7160  99 


7161  99 


7162  99 


7163  93 


7164  99 


7165  98 


7166  100 


7167  98 


7168  99 


7169  99 


7170  99 


7171  99 


7172  100 


7173  99 


7174  99 


7175  98 


7176  99 


7177 


7178 


7179  I  99 


7180  99 


7181  |  96 

7182 

7183 

7184  99 

7185  99 

7186  98 

7187  99  ~ 

7188 

7189 

7190 

7191 

7192 

7193  99 

7194  98 

7195 

7196 

7197  99 

7198  98 

7199  99  ~ 

7200  99 


97  195 


95  192 


97  196 


98  197 


95  194 


98  197 


97  195 
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96  195 


96 


96  195 


95  194 


92  185 
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96  194 


96  196 
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95  194 
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97  197 


96  195 


95 


95 
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95  193 


97  196 


96  195  I  195 


96 


97 


96  |  195 


97  196 
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98 


97 


98  |  197 


97 


97 
97 

95  194 

96  194 

96  195 

97  196~ 
95 


II 

1 

II 

1 

II 

1 

II 

1 

II 

1 

II 

1 

II 

1 

II 

1 

II 

1 

II 

1 

II 

1 

II 

1 

II 
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II 

1 

II 

1 

II 

1 

II 

1 

II 

II 

II 

1 

III 

1 

III 

1 

Time  full 


2.5 


2.5 


2.5  2.5 


n 


IEE3I 


Appendix  T:  “Life"  Reliability  Test  Data,  Test  #1 1  (Test  Period  #10) 


Stored  in: 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0106 


DAT0108 


DAT0108 


DAT0108 


DAT0108 


DAT0108 


DAT0108 


iftUintU 


DAT0108 


DAT0108 


DAT0108 


ES3EEI 

EMEU 


DAT0108 


DAT0108 


DAT0108 
DAT0108 
DAT0108 
DAT0108 
DAT0108 
DAT0108 
DAT0108 
DAT0108 
DAT01 08 
DAT0108 
DAT0108 
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Appendix  T:  "Life"  Reliability  Test  Data,  Test  #1 1  (Test  Period  #10) 


Stored  in: 


DAT0108 


DAT0108 


DAT0108 


DAT0108 


DAT0108 


DAT0108 


DAT0108 


DAT0108 


DAT0108 


DAT0108 


DAT0108 


DAT0108 


DAT0108 


DAT0108 


DAT0108 


DAT0108 


DAT0110 


DAT0110 


DAT0110 


DAT0110 


DAT0110 


DAT0110 


DAT0110 


DAT0110 


DAT0110 


Test  #  Bd  #1 


90  I  92 


89  93 


90  91 


90  92 


90  93 


89  93 


91  91 


91  92 


90  90 


91  91 


90  90 


91  91 


90  90 


91  92 


91  89 


90 


87 


90  92 


90  92 


89  !  92 


90  91 


89  |  92 


Total  I  Ave 


182 


182 


181 


182 


183 


182 


182 


183 


180 


182  182 


\MMM\ 


DAT0110 


DAT0110 


DAT0110 


DAT0110 


DAT0110 

DAT0110 


DAT0110 


DAT0110 


DAT0110 

DAT0110 


DAT0110 

DAT0110 


DAT0110 

DAT0110 


DAT0110 


DAT0110 

DAT0110 

DAT0110 

DAT0110 

DAT0110 

DAT0110 

DAT0110 

DAT0110 

DAT0110 


\WMM\ 


90 


90  93  I  183 


89  93  182 


90  93  183 
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WFzmwrmx 


91 

92  |  181 

92 

93 

93  I  182 


■111 

II 

_ 

1 

II 

— 

182 

Date(96) 


wmmsssm 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

-- 
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1 

1 

1 

1 

1 

1 

1 

cm 


111  BUI 
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1 

1 

1 

1 
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K3EE 

□KH 
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231 
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Appendix  T:  "Life-  Reliability  Test  Data,  Test  #11  (Test  Period  #10) 


Devices 


Stored  in: 


DAT0110 


DAT0110 


DAT0110 


DAT0110 


DAT0110 


DAT0110 


DAT0110 


DAT0110 


DAT0110 


DAT0110 


DAT0110 


DAT0110 


DAT0110 


DAT0110 


DAT0110 


DAT0110 


DAT0111 


DAT0111 


DAT0111 


DAT0111 


DAT0111 


DAT0111 


DAT0111 


DAT0111 


BUD 


DAT0111 


DAT0111 


DAT0111 


DAT0111 


DAT0111 


DAT0111 


DAT0111 

DAT0115 


DAT0115 


DAT0115 


DAT0115 


DAT0115 


DAT0115 


DAT0115 

DAT0115 


DAT0115 
DAT0115 
DAT0115 
DAT0115 
DAT0115 
DAT01 15 
DAT0115 
DAT0115 
DAT0115 
DAT0115 


Test  #  | 

mala 
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90 

92 

182 

90 

91 

181 

89 

90 

179 

91 

91 

mewi 

90 

91 

mm 

91 

92 

183 

90 

90 

180 

90 

93 

183 

90 

91 

181 

91 

93 

184 

92 

91 

183 

89 

90 

179 

90 

91 

181 

90 

91 

MEW 

92 

92 

184 

90 

90 

180 

87 

84 

171 

89 

91 

ME51 

90 

91 

181 

90 

90 

180 

89 

92 

89 

91 

89 

91 

180 

WE3M 

181 

89 
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Appendix  T:  "Life"  Reliability  Test  Data,  Test  #1 1  (Test  Period  #10) 
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Appendix  T:  "Life"  Reliability  Test  Data,  Test  #1 1  (Test  Period  #10) 


Devices  Upset 


Stored  in: 

Test  # 

Bd  #1 

Total 

Ave 

DAT0116 

7401 

89 

90 

179 

DAT0116 

7402 

90 

91 

181 

DAT0116 

IE&EI 

90 

92 

182 

DAT0116 

7404 

88 

91 

179 

DAT0116 

7405 

89 

92 

181 

7406 

90 

89 

179 

DAT0116 

7407 

89 

89 

178 

DAT0116 

7408 

88 

92 

180 
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APPENDIX  U:  Sweep  Reliability  Test  Data,  Test  #  12,  (Test  Period  11) 


Stored  in: 


DAT0120 


DAT0120 
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DAT0120 
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DAT0120 
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DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0120 
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DAT0120 
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0 

0 
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0 

0 

APPENDIX  U:  Sweep  Reliability  Test  Data,  Test  #12,  (Test  Period  11) 


Stored  in: 


DAT0120 


DAT0120 
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DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0120 


DAT0122 


DAT0122 


DAT0122 


DAT0122 


DAT0122 


DAT0122 


DAT0122 


DAT0122 


DAT0122 


DAT0122 


DAT0122 


DAT0122 


DAT0122 


DAT0122 


DAT0122 


DAT0122 


DAT0122 


DAT0122 


DAT0122 


DAT0122 


DAT0122 


DAT0122 


DAT0122 


DAT0122 


DAT0122 


DAT0122 
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lESil 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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0 
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0 

0 
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0 

0 
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0 
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0 
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0 
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0 
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APPENDIX  U:  Sweep  Reliability  Test  Data,  Test  #  12,  (Test  Period  11) 


APPENDIX  U:  Sweep  Reliability  Test  Data,  Test  #12,  (Test  Period  11) 


Stored  in: 


DAT0124 


DAT0124 
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DAT0124 
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DAT0124 


DAT0124 


DAT0124 


DAT0124 
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DAT0124 
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DAT0127 
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APPENDIX  U:  Sweep  Reliability  Test  Data,  Test  #  12,  (Test  Period  11) 


Stored  in: 


DAT0127 
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DAT0127 


DAT0127 
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DAT0127 
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DAT0127 


DAT0127 


DAT0127 


DAT0127 
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DAT0127 


DAT0127 


DAT0127 


DAT0127 


DAT0127 


DAT0127 


DAT0127 
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DAT0129 
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_ 
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o 


0 


55 


61 


61 


60 


61 


60 


59 


61 


60 


59 


59 


59 


59 


59 


59 
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APPENDIX  U:  Sweep  Reliability  Test  Data,  Test  #  12,  (Test  Period  11) 


Stored  in: 


DAT0129 
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DAT0129 
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DAT0129 
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DAT0129 


DAT0129 
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DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0129 


DAT0131 


DAT0131 


DAT0131 
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7703 


7704 
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7708 
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7736  I 
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0 


0 


0 


0 


0 


0 


0 
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0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


33 


33 


36 


37 


55  35 


53  36 


56  35 


55  33 


55  36 


53  38 


54  36 


57  34 


53  33 


58  36 


54  37 


55 


57 


56 


55  I  36 


File  size  (Mb) 


Date(97)|  |  Time  |  |  full  |  ave 


ES3I 


IIDE1IEI3D1IEE&II 


lllEllEQEaill 

iiflEiiHioiiiii 

IIDElIKQdICXEII 


IKIEillEOEEllESEll 

IIDIE3IB1EQIESQII 

linEH^EQIESEll 

IIDI^lldEQIESQII 


imsiiEEJiEai 


lEiiiHEiiPBii 

lEHIHEllliBlI 


APPENDIX  U:  Sweep  Reliability  Test  Data,  Test  #  12,  (Test  Period  11) 


Stored  in: 
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APPENDIX  U:  Sweep  Reliability  Test  Data,  Tfest  #  12,  (Test  Period  11) 


Stored  in: 
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DAT0203 
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mm 

IWESM^m 

i  mm 

iesi 
lEum 
ie m 
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1.0  INTRODUCTION 


This  report  presents  the  results  of  shielding  effectiveness  reverification  tests  performed  on  the  RF  shielded 
enclosure  in  the  18-41  Barge  Annex  facility,  Special  Projects,  Mode  Stirred  Test  Chamber,  Boeing  Defense  and 
Space  Group,  Kent,  Washington.  The  testing  was  performed  to  certify  the  shielding  integrity  of  the  enclosure. 
The  RF  shielding  effectiveness  testing  began  on  19  June  1997  and  was  completed  on  20  June  1997. 

2.0  DESCRIPTION  OF  FACILITY 


The  Special  Projects  Mode  Stirred  facility  is  a  self-supporting  shielded  enclosure  that  is  approximately  6'  2  5/8" 
long,  5'  2  5/8"  wide,  and  7'  8  5/8"  high.  The  enclosure  is  electrically  isolated  from  the  parent  building  and  is 
constructed  of  galvanized  steel  panels  provided  by  Universal  Shielding  Corporation  (USC).  The  enclosure  is 
grounded  at  one  point,  and  has  a  swinging  mechanically  sealed  3'  X  7'  single  knife  edge  shielded  entry/exit  door. 

3.0  SHIELDING  REQUIREMENTS 


The  shielding  effectiveness  testing  was  performed  to  evaluate  the  room  with  respect  to  the  modified  requirements 
of  Specification  NS  A  No.  65-6,  National  Security  Agency  Specification  for  RF  Shielded  Enclosures  for 
Communications  Equipment:  General  Specification.  The  test  frequencies  evaluated  and  respective  attenuation 
requirements  are  shown  below: 
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4.0  TEST  CONDUCT 

The  RF  shielding  effectiveness  testing  began  on  19  June,  1997  and  was  completed  on  20  June,  1997.  The  testing 
was  performed  using  the  procedures  of  NS  A  65-6  as  a  guide.  The  tests  were  conducted  by  Lance  Benjamin  and 
Mark  Sanders  under  the  supervision  of  Vince  DiPinto,  Certification  Analyst,  ISS  Electromagnetics.  Figure  4-1 
contains  sketches  of  the  shielded  enclosure  and  shows  the  approximate  location  of  the  points  tested. 

A  short  description  of  each  test  point  is  included  on  the  test  summary  sheet  in  Table  I.  Appendix  A  contains  the 
Raw  Data  Sheets.  A  total  of  153  measurements  were  made  while  evaluating  the  shielded  test  chamber. 

A  tabulation  of  the  test  equipment  utilized  during  test  conduct  is  contained  in  Table  II.  All  equipment  requiring 
calibration  was  in  current  calibration  traceable  to  the  National  Institute  of  Standards  and  Technology  (NIST)  at  the 
time  of  test  conduct. 

5.0  TEST  RESULTS  AND  DISCUSSION 

Plane  Wave  Testing 

Testing  was  initially_performed  at  10  GHz  with  deficiencies  noted  at  test  points  #2  and  #3  (RF  personnel  door),  8- 
13  dB  out  of  specification.  Corrective  action  consisted  of  the  following: 

o  Test  points  #2  and  #3  deficiencies  were  isolated  to  the  vertical  seams  adjacent  to  the  test  points. 

Required  the  re-tightening  of  the  closure  strip.  Re-test  of  the  area  met  specification. 

The  remaining  test  points  met  the  required  shielding  effectiveness  specification  at  10  GHz. 

Testing  was  then  performed  at  1  GHz  plane  wave  with  deficiencies  noted  at  test  points  #1-  #6  door  area  15-20  dB 
out  of  specification.  Deficiencies  were  isolated  to  the  face  plate  screws  around  the  door  handle.  Corrective  action 
consisted  of  the  following: 

o  Removed  the  inner  door  cover,  removed  the  locking  nuts  to  the  face  plate  and  latch  cover  assembly, 
cleaned  the  center  latch  cover  plate  then  re-assembled  and  re-tightened  all  hardware.  The  shielding 
effectiveness  re-test  met  the  required  specification. 

The  remaining  test  points  did  not  require  any  corrective  action  and  met  the  required  shielding  effectiveness 
specification  at  1  GHz.  Testing  was  then  performed  at  400  MHz  and  100  MHz  with  no  deficiencies  noted. 

Electric  Field  Testing 

Electric  field  testing  was  performed  at  all  frequencies  with  no  deficiencies  noted. 


6.0  CONCLUSIONS 

Full  compliance  was  achieved  for  all  electric  field  and  plane  wave  shielding  effectiveness  requirements. 
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Appendix  V:  Shielding  Effectiveness  Report 


BSS 

ELECTROMAGNETICS 

■■■  . . . . 

\ 


TABLE  II 

TEST  EQUIPMENT  LOG 


MANUFACTURER 

MODEL  NUMBER 

HP 

3561A 

TEKTRONIX 

494P 

HP 

3324A 

HP 

83620A 

ELECTRO  METRIC 

BPA1000 

HP 

8349B 

KROHN-HITE 

7500 

ENI 

2100L 

ENI 

603L 

HUGHES 

X-BAND  1277H 

EMCO 

3303 

A-H  SYSTEMS 

TDS-200/535 

SCIENTIFIC 

18-12.4 

ATLANTA 

SCIENTIFIC 

12-8.2 

ATLANTA 

MISC. 

NOMENCLATURE 

SERIAL 

CAL  DUE 

NUMBER  DATE: 

Spectrum  Analyzer 

30271036 

01/16/98 

Spectrum  Analyzer 

30272419 

10/02/97 

Signal  Generator 

30272290 

Ind  Only 

Synthesized  Sweeper 

30272798 

Ind  Only 

Amplifier 

30142689 

Ind  Only 

Amplifier 

30272343 

Ind  Only 

Amplifier 

30272263 

Ind  Only 

Amplifier 

10242375 

Ind  Only 

Amplifier 

30272352 

Ind  Only 

TWTA 

31076122 

Ind  Only 

4 1 "  Rod  Antennas 

30271250 

Ind  Only 

30271251 

Ind  Only 

Dipole  Antenna  Set 

30272329 

Ind  Only 

30272453 

Ind  Only 

Standard  Gain  Homs 

02009865 

Ind  Only 

00234834 

Ind  Only 

Standard  Gain  Horns 

02009866 

Ind  Only 

02009825 

Ind  Only 

Cables,  Adapters, 
fittings  and  Tripods 
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ISS  ELECTROMAGNETICS 
SHIELDED  ENCLOSURE  CERTIFICATION 

DATA  SHEET 


LOCATION 
TEST  DESCRIPTION 
ROOM  DESCRIPTION 
FIELD  TESTED 
ENGR/TECH 


Mode  Stirred  Lab,  Kent  Space  Center,  Kent,  WA. _ _ _ 

Room  Re-certlficatlon  _ _ _ _ _ 

Modular _ _ _ _ _ _ _ 

P/g  r\ j  J  Ay  fi  - - - - — - y 

DiPInto,  Sanders  &  Benjamin _ _ DATE  £  -  /  f/  —  ^ / 7  ) 


■ 

MODEL 

rrzuMTM 

WFZXtMWm 

e/  *<-11*  / 

wzasEEm 

SPAN/DIV 

/  L- 

/  ^  i. 

RES  B.W. 

l/<  /s> 

;  a:  2- 

s_ 

ANTENNA 

MODEL 

Ha  a  H 

/>  ,  ^  /-r 

£>7%  Tc 

/> 

DIST 

W3HBM HB 

■TPZ^H 

SIGNAL 

GENERATOR 

MODEL 

wsm. 

F?CT 

riwnu 

OUT  LVL 

mm 

vjcb 

WSMII9Z 1 

E777?Y2d 

PRFAMP  MODEL 

mmmm 

Turawnm 

hLlA _ 

WSWJSMB 

HfflkZU 

IQOEH 

CAL  SIGNAL  LEVEL 

ESgaB B1 

HZY3GB 

Mavagi 

rr«4  *<>.-.  TOmiTiwMHBi 

//  /a 

^  /a 

~  /*.  | 

^  //*r 

B B3H3BB 

;«r>r//tSl 

wnmram 

DYNAMIC  RANGE 

mrr.wsFi^L 

wrrim 

wrrr^m 

TEST 

LOCATION 

WmEaM 

FREQUENCY 

Ari. 

FREQUENCY 
/OO  ^  r~L- 

FREQUENCY 

FREQUE 

NCY 

ct!l=U  J 

5HI333 

UMiMI 

JM!MR 

SjESji 

SH  EFF 

EH9 

RR 

109 

HI 

sum 

SBB 

rai 

mm 

BHB 

rm 

rm 

ma 

naa 

!7H 

SREfl 

#3 

h i» 

VfUl 
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ma 

nn 

■ZQ 

•  4 

beii 

IBS 

mm 

non 

9 wm 
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ana 
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nn 

nn 
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HI 
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B BH 
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SBO 

Bin 
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W 

►7IW 

SIAM 

EZB1 

nn 

BM 

Air  Vent  *9 
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9in 

rm 

RED 

3IEI 

BUM 

Ji/J 

Bza 

isih 

BIB 

SBH 

BOB 

B3 

BUM 

JIN 

sa 

Bill 

Rll 

v/ii 

SIB 

9BI 

RF  Filter  »12 

SB 

nai 

FUJI 

HOB 

B2RI 

azzi 

ni 

nn 

BH 

i m 

DOB 

EBRD 

BOB 

9EBB 

MB 

JVU 

IBS 
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SZB 

ana 

*IH 

wa 

ma 
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MH 
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ISS  ELECTROMAGNETICS 
SHIELDED  ENCLOSURE  CERTIFICATION 

DATA  SHEET 


LOCATION 
TEST  DESCRIPTION 
ROOM  DESCRIPTION 
FIELD  TESTED 
ENGR/TECH 


Mode  Stirred  Lab,  Kent  Space  Center,  Kent,  WA. _ 

Room  Re-certlficatJon  _  ~ 
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MODEL 
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1 - 1 
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DIST 
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3  j  «.  t(  /? 
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BZ/%1 

B5W3E5B 

IBBBBI 

PREAMP  MODEL 

/iS  /A 

RrlfBi 

/V  /V? 

AMPLIRER  MODEL 

2  /<>  a  L 

1  .2,/47£>  6 

|z  /Z'<5>  d 

177777Z 

CAL  SIGNAL  LEVEL 

HBiraa 

[■MHl 

EXT  ATTENUATION 

— 

NOISE  LEVEL 

EEZZKIZI 

IZ^AKI 

nm?/a 

7IA&J.EEM 

EHPK§d 

■BBBBM 

DYNAMIC  RANGE 

miEKKt 

Vur-jVI&m, 

wnrum 

mnrKxm 

TEST 

LOCATION 

FREQU 

to 

ENCY 

FREQUENCY 

At 

MEEMsS 

H3SI 

FREQUENCY 

SIGNAL 

aa33 

s™1 

R7I333 

UleK'MI 

ffil333 

isjEsal 

Door  Test  Point  #1 

nm 

EK& 

BH 

Bzn 

THEM 

am 

ana 
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ibbbbI 

#2 
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am 
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Bm 
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asa 
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ama 
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am 
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Buy 
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am 
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